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NOTE.

The authors of the several papers contained in this volume are

themselves accountable for all the statements and reasonings

which they have offered. In these particulars the Society must

not be considered as in any way responsible.
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MEMOIRS AND PROCEEDINGS
OF

THE MANCHESTER LITERARY AND
PHILOSOPHICAL SOCIETY.

Ordinary Meeting, October 4th, 1892.

Professor ARTHUR Schuster, Ph.D., F.R.S., RR.A.S.,

President, in the Chair.

The thanks of the members were voted to the donors

of the books upon the table.

Reference was made to the deaths of three of the

members of the Society, Dr. CARL SCHORLEMMER, F.R.S.,

Dr. J. E. Morgan, and the Rev. Canon Lloyd, since the

previous meeting of the Society.

Mr. W. E. HOYLE, M.A., exhibited a specimen of

CallicJitJiys asper, remarkable for its resemblance in the

arrangement of the scales to the ganoid fishes of the coal

measures ; and also specimens of Scopehis antarctiais and

Argyropeleciis heniigymnus, deep sea fishes, the former from

a depth of 1,950 fathoms, and called attention to the

phosphorescent organs of these species, the structure of

which has been fully described by Dr. Von Lendenfeld, in

an appendix to Dr. Gunther's report on the deep-sea fishes

of the "Challenger" Expedition.

Mr. W. Thomson referred to a case of electric shock

received by Mr. Joseph Collier, F.R.C.S., from rocks in

li^
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the Austrian Tyrol, and Dr. SCHUSTER remarked that the

phenomena of such rock discharges had not been thoroughly-

investigated, and that records of such incidents would be

valuable.

Professor OSBORNE Reynolds described a case of

" pitting " in the tubes of a boiler at the Owens College.

After being safely tested by a cold-water pressure of 3oolb.,

one of the rust-pits gave way a few days later under a

steam pressure of only loolb. Beneath the crust of rust a

black deposit was observed. A discussion as to whether

this was a deposit of carbon from the iron, or black

magnetic oxide, ensued. A noticeable fact was that the

" pits " were most numerous at the smoke-box and not at

the furnace end, and that there (at the cooler end) the

lesion occurred.

Mr. F. J. Faraday communicated a paper by Mr.

Frederick Hovenden on " The Study of Motes in Air,"

in which the following experiment was described :

—

" Take a shallow glass trough, having a depth from back

to front of about % inch. Fill it with tobacco smoke ; this

will soon diffuse and the trough will appear filled with fog,

that is, the contained air will be charged with motes. Cut

a piece of cork and plug the mouth of the trough with it, in

order to prevent the escape of the motes and the dis-

turbance of air currents. Now, observe these motes by

means of the microscope, using the yi inch objective and a

parabolic condenser. Illuminate with a strong light—sun-

light, electric-light, or the oxy-hydrogen light. I have found

either of these lights to answer very well. The individual

motes will be seen, strongly illuminated, while the air-

atoms—the gases between the motes—are apparently in-

visible. The motes stand away from each other as if they

were separated by repulsion, or by something which is

invisible existing between them and separating them.

While the motes are thus divided each individual is in
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a state of constant and intense vibration, a sort of

shivering or trembling of the mote per se. Besides this,

each mote appears as if it had a pair of wing-Hke

appendages. The motes are very small, and appear of

equal dimensions. When any two motes seem to approach

each other, this arises from the fact that they get behind

each other, which is proved by the motes getting out

of focus. No one can see this experiment without being

struck with its beauty and its remarkable character.

What are those wing-like appendages ? I think they have

nothing to do with the motes, and I do not think they are

optical illusions."

A discussion ensued, in which Professor SCHUSTER,

Professor Reynolds, Dr. G. H. Bailey, Mr. W.

Thomson, and others, took part ; and eventually it was

resolved to adjourn the debate in order that the experiment

might be tested.
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Ordinary Meeting, October i8th, 1892.

Professor Arthur Schuster, Ph.D., F.R.S., F.R.A.S.,

President, in the chair.

The thanks of the members were voted to the donors of

the books upon the table.

The Society's EDITOR exhibited a specimen copy of the

memorial volume on the life and work of Dr. James

Prescott Joule, written by Professor OsBORNE Rey-

nolds at the request of the Council, and forming Vol. VI.

of the Fourth Series of the Memoirs mid Proceedings^

and it was moved by Dr. BOTTOMLEY, seconded by Mr.

Charles Bailey, and resolved,

" That the thanks of the Society be given to Dr. Reynolds

on the completion of his laborious work for the Society, in

writing the Memoir of Dr. James Prescott Joule."

Dr. Reynolds briefly acknowledged the resolution, and

expressed his sense of indebtedness to various members for

assistance in collecting facts, in superintending the engrav-

ing of the frontispiece, and in the revision of the proofs.

Mr. W. Thomson, F.R.S. Ed., gave an account of an

attempt to repeat the experiment described in a paper by

Mr. Hovenden, read at the previous meeting, showing
" Brownian " movements of the particles of tobacco smoke

when seen under the microscope. Mr. THOMSON said that

he had tried the experiment by putting tobacco smoke in a

test tube and also in a "live" cell box. At first he saw

nothing but fog, but on keeping the eye steadily on the fog,,

he saw bright particles rushing violently about in all direc-

tions. He saw nothing of the nature of wings to the

motes, and he was under the impression that what he saw

was an optical illusion. The appearance he mentioned was
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produced most distinctly when the fog had nearly dis-

appeared and when the eye had become somewhat fatigued

by being steadily fixed on the same point, and when a

comparatively low power objective was used. The illusion

(if illusion it was) was less easily observed when the higher

magnifying powers were employed.

Mr. R. F. GWYTHER, M.A., mentioned that Mr. W. E.

HOYLE, M.A., and he had attempted to repeat Mr.

Hovenden'S experiment. Examining the smoke by

transmitted light, they had not been able to distinguish the

phenomena described.

Mr. Joseph Collier, F.R.C.S., introduced by Mr.

William Thomson, F.R.S. Ed., gave a detailed account

of his personal experiences of an electric shock from a rock

discharge when descending in August from one of the peaks

of the Tyrol. The shock passed through the left arm, with

which he was clinging to the rock, semi-paralysing it for a

time, and burnt a hole through the stocking on the left foot.

In the discussion which ensued, his escape from more

serious consequences was attributed to the fact that he was

drenched with rain at the time, the only portion of his

clothing which had escaped wetting being the stocking,

which was charred. The curious electric phenomenon

known as the "singing" of the ice-axes, was very observable

during the excursion.

Mr. J. C. Melvill, M.A., F.L.S., read a paper on a

specimen of TracJielium coeruletun, recently found by

Mr. A. B. Brown, in Guernsey (the first discovery of the

plant in the British region).

Mr. Melvill also read the following note :
" On a

Monstrous Flowering Form of Ranunculus bullatus (L.)

from Sicily " :

—

" My friends, Miss C. Birley and Miss Copland, collected

at the beginning of this year (1892), amongst the ruins of

the temple at Taormina, S. of Messina, Sicily, a form of the
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well-known Ranunculus bullatus (L.), in which the petals

were turned in great measure to small stalked leaves, the

veining of which was similar to that of the petals. Sepals,

stamens, and receptacles, so far as could be judged by the

dried specimens, were almost, or quite, normal. As sur-

mised by Mr. Charles Bailey, on examination of the

flowers, the petals seem to have a tendency to fl. plen. :

—

and these monstrous floral stalked leaves are as many
as fifteen or sixteen in number. In only one case the yellow

petals were seen as usual. Specimens of the usual form

of R. bullatus (L.) from Spain, Corsica, Sardinia, and

Algeria, are exhibited for comparison. I do not know

another instance in which a member of the genus Ranun-

culus has afforded a similar phenomenon, though some

species, especially aconitifolius, repens, and acris, show a

great disposition to produce double flowers—more fre-

quently in cultivation, but occasionally in a wild state.

A form of Trifoliuni repens (L.) which I found recently

in my field at Prestwich, with the petals turned to a coronal

of small long-stalked trifoliate leaves, is the nearest

approach to a similar instance that has come under my
own observation."
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On the Occurrence of Trachelium cceruleum (Linn.)

in Guernsey. By James Cosmo Melvill, M.A.,

F.L.S.

{Received October i8th, i8g2).

TracJielium, a genus of which the derivation is disputed,*

was established by Linnaeus from a somewhat aberrant form

of the order CampanulacecE, in which the flowers were small

and corymbose, and the style unduly exserted ; the species

of this genus are all natives of the Mediterranean region of

Europe, Asia, and Northern Africa, no one species extend-

ing in range over the whole area.

The type T. cceriileiivi (L.) is by far the best known of all

the species, and it may be interesting to record its occur-

rence, for the first time, in one of a group of islands, which,

though geographically French, have so long belonged to the

British Crown that their botanical productions find a place

in our native flora.

In the early part of September I received five specimens

of this handsome plant from my friend Mr. Archibald

Buchanan Brown, who has been resident in Guernsey since

1874-75. He has known this plant to have existed in the

same profusion as it does at present for fully sixteen years,

but, till now, imagined it was a colour variety (with blue

flowers) of CentrantJiiis ruber (DC), the red valerian, and

this assumption was strengthened by the fact that most of

the specimens grew out of reach, and, therefore, the serra-

tions on the leaves were not discernible. It may not be

*NoTE. — Derivation of this word either is Tpoiyps, rough, horn the rough-

ness of the leaves, or from the rocky habitat, or rpa.-//''k'>i, the throat. Throat-

wort, so-called either from its supposed efficacy, in common with certain species

of Cainpanida, in diseases of the larynx : or, perhaps, in allusion to the

lengthened tube or ' throat ' of the corolla.
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well to give the locality too precisely ; but the plant is

abundant on the outskirts of St. Peter's Port, in one or two

contiguous places on old and somewhat ruinous walls of

considerable height. Mr. Buchanan Brown' counted one

hundred and fifty blooms, at least, on August i6th last.

Doubtless the plant is an established introduction, but

when and by whom is never likely to be solved. Old walls

and ruins seem to be the favourite habitat of this plant,

wherever found.

The Rev. R. P. Murray, from whom I received specimens

collected in 1888 near Oporto, Portugal, writes me that it

grew plentifully on walls by the River Douro, opposite

Oporto, and that he saw it nowhere else, but was told that

it grew on rocks about a mile further away.

T. cceruleiun is restricted, according to Nyman, to the

following countries :

—

Lusit. bor.(introd.?). Hispania merid. orient. Italia merid.;

Sicilia (Palermo) ; and it likewise occurs on the Mediterra-

nean coasts of western North Africa, in Algeria abundantly

(Bourgeau, Jamin, Munby, &c.), and Morocco (Ball).

It does not appear in the more eastern portion of

Mediterranean Europe or Africa, and is not mentioned in

Boissier's Flora Orkntalis (Vol. III., p. 961 sqq.), the

species Jacgnmi (Sieb.), Riuneliciini (Hampe), tubnlosiim

(Boiss.), asperuloides (Orph.), and myrtifoliiini (Boiss.)

taking its place.

Five species are found, according to Nyman, (Consp.,

Fl. Fu>'., p. 485) in Europe proper, viz. : T. cocruleiun (L.),

lanceolatuni (Guss.) confined to Sicily, Rnnielicuui (Hampe),

Jacqnini (Boiss.), and aspcruloides (Boiss. and Orph.), this

latter peculiar to M. Chelmos in the Peloponnese.

Morocco possesses, besides T. cccrnleiun, one endemic

species, angustifoliiiui (Schousb.), of peculiar habit {c.f..

Spec. Flor. Marocc, \x\ Journ. Linn. Soc, xvi., pp. 555, 556),

by John Ball.
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Algeria contains only T. ccum/eum, where it is very

abundant.

Eight species of this genus, therefore, exist in all,

members of the Mediterranean region, either E. or W.,

but, as already observed, no one species extending through-

out the entire area.

Specimens of T. cccrukiim (L.) are in either Mr. Charles

Bailey's herbarium, or mine, or both, from the following

localities. And here I must take the opportunity of sincerely

thanking Mr. Bailey for the copious notes and quotations

that accompanied his list as given below.

<i.) SPAIN : Andalusia :—
Sierra de Palma, pres Algeciras. Rochers

humides et ombrages. Rare - - 29 Juillet 1887. E. Reverchon.

Sierra de Palma, Andalusia. Rochers

humides et ombrages. Rare - - 29 Juin 1887. E. Reverchon.

(Issued as No. 1753 in Flora selecta exsiccata, public par. Ch. Magnier.)

Cartama, Andalusia. Rochers humides. 8 Juillet 1888. E. Reverchon.

Ronda, Andalusia. Sur les rochers hu-

mides et calcaires - - - - 9 Juillet 1889. E. Reverchon.

Ronda, dans les grottes dans la vallee

des Oliviers 17 Juin 1851. E. Bourgeau.

Grazalema, Andalusia. Lieux rocheux

humides et ombrages - - - 26 Juin 1S90, E. Reverchon.

Jaen, Andalusia. Prope pagum Segura,

ad rivulorum margines. Sol. calcar.

1000—1200™ o.m. ... - Juli 1890. Porta & Rigo.

(Issued as No. 350, Porta et Rigo Iter II. Hispanicuni i8go.)

Granada, Andalusia - - . . June, 1851. John Ball.

Murcia, dans les murs de la Rue de la

Nova. Bourgeau, PI. d'Espagne 1855.

No. 2305- 30 Juin 1855. Dr. Guirao.

(ii.) PORTUGAL:—
Old walls near Oporto - - - - 27 May 1 888. R.P.Murray.

iii.) ITALY: Campania:—
Ad muros pr. Sorrento (south of Naples) July, 1889. H. Groves.

(Issued in Dr. C. Basnitz, Herbarium Eiiropmuin.)

Parco di Caserta (north of Naples) - 7Augt. 1875. Com. A. G. Waters.
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Calabria :—

Loc. irrigatis et arid calcareum torren-

tium circa Corregliano et Castrovillari

2-300™ 25junioi877. Huter, Porta & Rigo.

(Issued as No. 360, Huter, Porta et Rigo ex itere italico HI.)

(Issued in Dr. C. Bsnitz, Herbarium Eitropivtim.')

Sicily :

—

Ad muros humidos, Palermo - - Augt. 1882. M. Lo Jacono.

(Issued as No. 510, Planta: SiculcE rariores, Lo Jacono.)

Ad muros in humentibus, Palermo - June . Todaro.

(Issued in Todaro Flora Simla Exiccata.)

Palermo, ad muros in humentibus - July, 1890. Dr. H. Ross,

(Issued in Dr. C. Bcenitz, Herbarium Europirum.)

Ad muros humidos prope Panormum - 25 July, 1855. Huet de Pavilion.

(iv.) ALGERIA :—
Oran. Rocheis maritimes - - - 18 Juillet 1S81. O. Debeaux.

Aqueducs romains a Medeah Plantes

d'Algerie. No. 56 - - - - Juin 1850. P. Jamin.

Rochers humides a Hadjar Roum a Test

AeTiemctn. Flantes d'Algerie. lHo. "JJ 23 Juin 1856. E. Bourgeau.

In Battandier et Trabut's Flore de VAlgerie, Fasc. III., p. 570, it is marked with

CCC= very common. " Lieux frais et ombreux du Tell. Espagne, Italic."

In Filippo Parlatore's i^frrt //a//a«a, contiiniata da Teodoro Caruel, Vol. VIII.,

p. 144, the geographical distribution is given as " Nasce inoltre in Ispagna, ed in

Barberia," and on page 146, " In Toscana ed in Liguria il Tracheliiim cccruleum e da

considerarsi come naturalizzato (v.Cand. geogr. bot. i, p. 125). Ecosa singolare come

questa pianta mentisca I'aspetto di una Valerianacea." The Italian stations for it are

given :

—

Sicily : Messina, Palermo, Avola.

Calabria : Grotteria, Pozzano, Stilo, Tropea, Briatico, Castrovillari (Huter,

Porta et Rigo !).

Campania: Portici, Caserta.

Lazio : Rome, in many localities, especially on the walls of the city.

Tuscany : Lucchi, Pozzuolo.

Liguria : Genoa.

In Willkomm & \.^x\g&\ Prodromtis Fierce Hispaiiico!, Vol. II., p. 298, the Spanish

localities are given for it as :
—" Ad rupes et parietes humidasumbrosasaliisque inlocis

umbrosis regionis inferioris et montanee Hispanise oriental, et australis."

Catalaunia : Ruins of the monastery Scala Dei, Mousent.

Aragon : Pefiarroya ad la Cenia.

Valentia : In deserto la Murta. Enguera.

Murcia: La Noria.

Granada: Malacitano, Coin, Alhaurin, Granada, &c., on the walls of the

Alhambra.

Sierra Nevada : Guejar, Cordova.

Hab. Quoque in Ital med. et austr. in Africa boreali.
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Ordinary Meeting, November ist, 1892.

Professor Arthur Schuster, Ph.D., F.R.S., F.R.x^.S.,

President, in the Chair,

The thanks of the members were voted to the donors

of the books upon the table.

Reference was made to the death of Dr. A. W. HoFMAN,
F.R.S., &c., &c., who was elected an honorary member of

the Society in 1866.

A conversation on the possible reasons why the tempera-

ture of the blood does not rise in hot countries above the

normal temperature took place, the subject being introduced

by the PRESIDENT. It was admitted that the phenomenon

had not yet been adequately explained.

General Meeting, November 15 th, 1892.

Professor ARTHUR Schuster, Ph.D., F.R.S., F.R.A.S.,

President, in the Chair.

Mr. W. G. Groves, Brewer, The Larches, Alderley

Edge ; Mr. F. E. Weiss, Professor of Botany, The Owens

College, Manchester ; and Mr. W. H. Perkin, Junr., Ph.D.,

F.R.S., Professor of Organic Chemistry, The Owens College,

Manchester, were elected ordinary members of the Society.
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Ordinary Meeting, November 15th, 1892.

Professor Arthur Schuster, Ph.D., F.R.S., F.R.A.S.,

President, in the Chair.

The thanks of the members were voted to the donors

of the books upon the table.

The President (Dr. Schuster) read a letter from

Mr. William Thomson, F.R.S.Ed., accompanying a

portrait of the late Joseph Baxendell, F.R.S.—for twenty-

five years one of the honorary secretaries of the Society

—

offered by Mr. Brothers for the sum of twelve guineas,

Mr. Thomson proposed to head a subscription list for the

purchase of the portrait.

Mr. Charles Bailey, F.L.S., presented, on behalf of

the Rev. Henry Shaw, of Urmston, a syllabus of lectures

on chemistry delivered in Manchester in 1783 by Mr.

Thomas Henry, F.R.S., one of the founders and first

secretaries of the Society.

With reference to the memorials of deceased members

possessed by the Society, Dr. Bottomley and Mr. FRANCIS

Nicholson, F.Z.S., drew attention to the desirableness of

increasing the collection of portraits, and it was mentioned

that the Manchester Royal Infirmary Board had formerly,

and should still have, in its possession portraits of Various

early members of the Society, including those of Mr.

Charles White, F.R.S. , and Mr. James Massey, the latter

by Tate.

Mr. F. J. Faraday, F.L.S., exhibited a sketch of a row

of trees situated in the field path from Slade Lane to

Ladybarn Road, Fallowfield, parallel with the new railway

line from Levenshulme to Fallowfield, one of which was

struck by lightning on the afternoon of July 2nd, 1891.
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The sketch was taken immediately after the event by Miss

M. Faraday. The tall trees shown in the sketch (see oppo-

site page) are balsam poplars, the two smaller ones being

common ash trees. The relative heights of the trees are

correctly indicated in the sketch. The direction of the line

of trees is roughly from west to east, the solitary poplar

beyond the ash trees on the right hand side of the sketch

being the west end. A lady seated at the dining-room

window of Ramsay Lodge, facing the east end of the line

of trees, the direction of the window being at a right angle

to the line of the trees, observed the flash coming towards

her as a tube of blue flame. The tree struck was the third

from the east end, and the only damage done to it was the

stripping of the bark, from a point where the trunk forks, to

the ground, as shown by the white portion of the trunk in

the sketch. This stripping apparently began at a point under

the stump of a broken branch projecting from the side

towards the ash trees, and it curved round to the side of the

tree as seen in the sketch, increasing in width to the extent

•of the full diameter of the trunk as it approached the ground.

Fragments of the bark were strewed about the ground, at

the foot of the tree, but there was no appearance of injury

to the foliage or any stripping of the leaves. A heavy rain

storm preceded and accompanied the flash, and the foliage

was probably thoroughly drenched, the lower part of the

trunk being, however, protected by the leaves, while the

point where the stripping of the bark began was further pro-

tected by the projecting fragment of branch. Mr. Faraday

pointed out that the line of foliage of the ash trees was con-

tinuous with that of the tree which was struck opposite the

point where the stripping of the bark began, the branches

interlacing ; while at the east side of the tree there was a

clear gap between its foliage and that of the next tree on

that side. He suggested that the charge might be carried

through the wet foliage of the stricken poplar and ash trees
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along the (externally) dryer portion of the trunk to the

ground from the angle where the projecting branch protected

the bark of the trunk from the moisture. He added that

he had been led to exhibit the sketch and communicate an

account of the occurrence in consequence of Professor

Schuster's remark at the previous meeting in connection with

Mr. Collier's account of the electric shock received by him

in the Tyrol, on the desirableness of records of lightning

strokes being preserved with a view to the elucidation of

these phenomena.

A discussion ensued, during which reference was made

to previous observations which seemed to indicate differences

in the liability of different species of trees to lightning

strokes; and the President (Dr. Schuster) repeated his

opinion as to the probable utility of careful records of such

occurrences, and expressed a hope that the sketch would be

reproduced in the Memoirs and Proceedings.

A paper on "The Marine Molluscan Fauna of Bombay," by

Mr. J. C. Melvill, M.A., F.L.S., and Mr. A. Abercrombie,

was read by the former, and Mr. Abercrombie exhibited a

collection of shells gathered by him on the Bombay coast.

During the discussion which ensued, the extraordinary

richness and variety of the collection made by Mr. Aber-

crombie, including many species new to science, were

commented on.
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The Marine Mollusca of Bombay. By James Cosmo

Melvill, M.A., F.L.S., and Alexander Abercrombie.

{Received November i^th, i8g2.)

(a) General Remarks.

The shores of the coast in the vicinity of Bombay are of

trap rock, with occasional sandy bays. Running behind

the coast-hne are immense tracts of low-lying land (at

times covered by the sea), or tidal creeks, with slimy mud

banks, and mangrove bushes. During the rainy season,

the fall in which averages some 80 inches, these creeks and

swamps become the mouths of rivers, and for many months

the water contained therein must be very brackish. These

bring down and pour into the sea a nearly perpetual stream

of mud-laden water, and the ocean for some distance around

Bombay is, therefore, rarely clear enough to enable one to

see down into its depths, even a few feet.

In consequence of the rocky nature of the coast, and,

not least, the mud, dredging does not seem to answer, and

the collector must, therefore, be satisfied with what can be

found between tide marks, and, happily, the expanse of shore

at the lowest spring tides laid bare is considerable, and it

is on these occasions that the rare cowries, e.g., C. Lamarckii,

lentigiitosa, and ocellata, are collected in fine living condition.

Both univalves and bivalves, the latter especially, are

largely collected by the fisherman class for edible purposes.

The common oyster, for instance, {O. crenulifera), clus-

tered in masses on rocks left bare at half-tide, is broken

open by means of a small hammer or stone, aud the animal

B
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extracted with ease, and as regards the large species {O.

bicolor and its varieties) the markets are regularly supplied

with them. Pitrptira carinifcra and Canthants spiralis are

regularly gathered off the stones and rock}- beach, and

enormous quantities of the shells of such species as Circe

divaricata and Area granosa, are often found in the vicinity

of the dwellings of those who live by the sea shore.

At all the low tides women and children are employed,

standing almost up to their knees in black slimy mud,

digging up with their hands C/iiotic pinguis, a xevy abundant

species, allied to the clam of the United States (J/, vicrccn-

aria) ; and, in addition to the species just mentioned,

Chione radiata, the handsome Tapes textrix, and the curious

brachiopod Lingula Jiians, all found in similar places, are

often offered for sale, as edible species, in the markets.

For the collector who is satisfied with specimens, often,

it is true, in dead condition, but mostly of fresh appearance

and lustre, there are few of the Bombay species that cannot

be obtained in one or other of the two sandj'- bays in the

island, where a rich harvest may be said to be always

awaiting him. IMost of the smaller species, eg., Plcurotoincc,

Risso(B, Pyraniidellidcc, and the like, have been obtained by

sifting shell-sand obtained in abundance at low water.

During the monsoon season, especially,many rare specimens

may be obtained which are never, or at all events seldom,

seen otherwise.

The collection of Marine Shells now to be catalogued

has been formed almost entirely in the Island of Bombay,

and comprises about 320 species. A few have been obtained

from districts lying immediately north, and from Ratnagiri,

150 miles to the south, and where this is the case, the

locality is given in the list appended.

The Mollusca of Bombay are specially interesting in a

two-fold way.

Firstly, because of the wide range westward that many
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species, known to have their metropoHs in the Philippine

Islands, or even in Japan and S. E. Australia, show, when

found to occur here; and, secondly, because several

interesting forms are endemic, or nearly so.

Such are

—

Cyllene fuscata (Ad.),

ZizypJiimcs scobinatiis (Ad.),

Fairbankia Bonibayajia (W. Blanf ),

Nerita oryzarum (Recluz),

Comis lentiginosus (Reeve),

and, so far as is known at present, the new species to be

described at the present opportunity.

A very few would appear to be outljing forms, almost, if not

quite, identical with British or Mediterranean species, e.g :

CalyptrcBa Sinensis (L.) van

Area lactea (L.) var.

Cylichna cylindracca (Pennant).

Amongst the specimens found on the open sea shore are

the following brackish or fresh water shells. These, for the

most part, we do not include in our Catalogue, since they

should be classed more with the Fluviatile Mollusca than

with Marine, as

Neritina crepidularia (Lam.).

Potamides {Tympaiiotonos) fluviatilis (P. & M.).

Telescopiuvi fusciim (Schum.).

LynmcEa pingiiis (Dohrn).

Melania tuberculata (Moll.).

AuriculaJiidcB (Linn.).

Cassidula nucleus (Mart.).

Ampullaria nux (Reeve).

„ dolioides (Reeve).

Of these, the two first mentioned are especially abundant.

The following twenty shells, described as more or less

endemic in Bombay, we have not, so far, been able to find
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amongst our mass of material collected. The majority of

these have been catalogued by Mr. G. Nevill, as being in

the collection of the Indian Museum, Calcutta, a catalogue

of which, unfortunately, only two parts have been issued,

the first of which is devoted to the Terrestrial and Fluviatile

species

:

Mangilia (CytJiara), gradata (Nevill).

Ringicula inimita allied \.o propinqiians (Hinds).

Marginella inconspiaia (Nevill).

Stenothyra minima (Sowb.).

Rissoina ai)ibigua (Gould).

„ plicatida (Gould).

„ [Isseliella) abnonnis (G. Nevill).

Fenella piipoides (A. Ad.).

Onoba delicata (Philippi).

[This may be the Onoba sp. in our collection.]

Scaliola arenosa (A. Ad.).

Littorina carinifera (Menke).

Fossar (CoiitJioiiyia) reticulatus (A. Ad.).

„ „ styliferiniis (G. Nevill).

„ „ siibreticulatus (G. Nevill).

Conradia doliaris (A. Adams).

Diala sulcifera (A. Adams).

„ macula (Recluz).

Alaba Blanfordi (A. Adams).

CeritJiiiim mamillatum (Rieso).

Clanculus sulcarius (Blanford).

On the other hand, we have thirty or more species,

apparently undescribed, but which we are holding in reserve

until fresh material can be obtained.

The Bombay shores are particularly rich in specimens

of the following, which may be considered typical of the

locality :

—
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Gasteropoda.
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(II.) Persian Gulf.—This Fauna has been but very Httle

studied, and we cannot discover more than three papers

which have been published exclusively on the subject.

1. Issel, in 1865, gave to the world a list of shells found

at Bunder-Abbas, and the Isle of Ormus, by G. Doria and

Philippi, but only 17 species are included.*

2. Dr. E. von Martens in 1874 enumerated the MoUusca

of Bushire, as found by M. Hausknecht, amounting to 49

in all, and to which a treatise is devoted.— Ueber Vorder-

asiatische Cofichylien, Cassel, 1874.

3. Lastly, M. F. Houssayf explored the shores near

Bender-Bouchir, on the East coast of the Persian Gulf, in

1884—1886, and Dr. P. Fischer has catalogued '^2) species, of

which the following are found also in Bombay.

Siphonaria Kiirracheensis (Reeve).

Purpura carinifera (Lam.).

Cerithiuni inorus (Lam.).

(but of the form C. clypeomorus (Jousseaume).

Potainides fliiviatilis (P. & M.).

Uinboniuni vestiarium (L.).

Lucina fibula (Reeve).

(III.) Karachi.—We can find no very recent catalogue

of shells from this port, but in Dr. P. Fischer's Matmal de

Conchyliologie, p. 160, a list is given, as having been formed

by the late Col. Baker. Unfortunately, many are only

generically, not specifically, alluded to, which renders

identification not possible. We are, however, able to point

to ten species common to both places, and this number will

probably some day be very largely increased.

(IV.) Ceylon.—The lists of the Molluscan Fauna of

Ceylon that we have compared with our Bombay catalogue

are chiefly those of Sir J. Emerson Tennant (Ceylon, Vol. I.,

* Catalogo dei Molluschi raccolti dalla Missione Italiana in Persia {Memoire

della Reale Accademia delle Scienze di Torino, serie II., vol. 23, 1865).

t VidQjourtt. de Conch., 3rd Ser., Tome XXXI. pp. 222 sqq.
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p. 235 sqq., 1859), which was supplied by Mr. Sylvanus

Hanley, F.L.S., and one of the marine Gasteropoda only, by

the late Mr. A. W. Langdon {Joiirn. of Conch., Vol. I., p. 71

sqq., 1874). The principal contributors since those dates

towards the elucidation of the Fauna have been Messrs.

G. and H. Nevill, whose results have been mainly published

in XhQ Jonrn. Asiatic Soc. Bengal.

Mr, Hanley's catalogue is much fuller than that of

Langdon, which latter does not include the Pelecypoda.

Of the 265 Gasteropoda, 32 occur in our Bombay list,

and of the 130 Pelecypoda, 21.

Too much weight should not, however, be given to these

proportionate figures, as in the Ceylon catalogue the smaller

genera were hardly taken count of, and, naturally, this

island being several degrees nearer the Equator than

Bombay, a more varied selection of tropical forms is to be

expected. For instance, 47 to 50 Conns are there reported,

26 Cyprcra, 9 Mnrex, and 1 1 Oliva.

Considering that Bombay is one of the most cosmo-

politan centres in the world, it seems somewhat strange

that, as yet, no list of the Marine Mollusca has been issued.

Such a list, we believe, was some years ago contemplated by

the Rev, S. B. Fairbank, an American clergyman, who

collected largely at this port, but we have been unable,

unfortunately, to communicate with this gentleman. If we

except such well-known names as Mr. W. T. Blanford,

F.R.S., his brother, Mr. Henry F. Blanford, F.R.S., the

late Dr. F. Stoliczka, and Mr. Geoffrey Nevill, late of the

Indian Museum, Calcutta, we cannot find that any collector

has turned his attention to these shores. And the same

remarks would apply to almost the whole coast of Hin-

dustan proper. Ceylon, the Andaman Islands, and the

Mergui Archipelago off the coast of Tenasserim, have been

more assiduously investigated, the latter by Dr. John

Anderson, superintendent of the Indian Museum, Calcutta,
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and the results published two or three years ago in Proc.

Linn. Soc.

Our best thanks are due to Mr. Edgar A. Smith, F.Z.S.

of the Zoological Department, Mus. Brit, South Kensington,

for his ever-ready help and assistance. To Mr. W. T.

Blanford and Mr. Henry Blanford* we are also indebted

for information and advice on several points, and also to Mr.

R. D. Darbishire, of Manchester, for the loan of an interesting

little collection of Bombay Shells found about five years

ago by Mr. Herford.

The collections, a catalogue of which is now given, were

formed by Mr. Alexander Abercrombie during the years

1888— 1892.

{c) Catalogue of Marine Mollusca ofBombay and immediate

neighbourhood

:

—
The sequence observed is altogether that of Dr. Paul

Fischer's Manuel de Condiyliologie.

GASTEROPODA.

Fam. SiPHONARIID/E.

SiPHONARIA (Blvlle.).

S. KurracJiee7isis (Roe).

^. Basscinensis (Melvill), sp. nov.

The latter a little brown shell, pretty common amOngst

shingle.

Fam. ACTAEONID^.

Leucotina (A. Adams).

L. eximia LiscJike.

* It is with unfeigned regret that we have to record the death of Mr. Henry

Francis Blanford, F.R.S., which occurred at Folkestone on January 23rd, 1893,

while these pages were under process of revision. Mr. Blanford will be remem-

bered not only on account of his eminence as a student of Mollusca, especially

those of India, but also as being for many years Meteorological Reporter to

the Indian Government.
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Myonia (A. Adams).

M. ainaena (Adams).

An extremely beautiful little shell, transparent, with

fine transverse markings.

Fam. TornATINID/E.

TORNATINA (A. Adams).

T. invobita (Nevill) allied to sandwicJiensis (Pease).

Sao (H. and A. Adams).

S. Pellyi (Smith).

Fam. SCAPHANDRID.^i.

Smaragdinella (H. & A. Ad.).

vS. {Glauconella) Andersoni {^evSSS), from Ratnagiri.

Cylichna (Loven).

C. cylindracea (Pennant).

Fam. BULLID.E.
Haminea (Leach).

H. galba (Pease).

Fairly common, but so extremely delicate that it is

rarely found perfect.

Fam. APLUSTRID.E.

BULLINA (Ferrussac).

B. ziczac (Muhlfeld).

Of this beautiful little shell only a single specimen was

found, and though widely distributed over the tropics, both

of E. and W. Hemispheres, it seems common nowhere.

Fam. RiNGlCULiD^.

RiNGlCULA (Desh.).

R. propinquans (Hinds).

Common amongst shingle. Adult shells very massive

for their size, and mouth much closed in by callosity of

outer lip and columella. Young shell spirally and beau-

tifully incisely lined, which disappears in the older shell.

R. apicata (Nevill) seems allied.
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Fam. Terebrid^.
Terebra (Adanson).

T. cinctella (Desh.).

Also in Mus. Brit, from Karachi.

Abretia (H. & A. Ad.).

A. tenera (Hinds).

This shell seems common in Ceylon.

Fam. CONID^.
CONUS (Linn).

C. monacJius (L.) van achatiniis (Chem.).

C. inutabilis (Chem.).

C. lentiginosiis (Reeve).

C. piperatus (Reeve).

C. textile (Linn.).

C. insculptus (Kiener), only in young condition.

Mutabilis is the common species. Monachus and lenti-

ginosus are frequently met with, the last-named belonging to

the sub-genus Leptoconus, and being apparently endemic to

Bombay.

Fam. Pleurotomid^.

Clavatula (Lam.).

C. Virginia (Bech.)

SURCULA (H. and A. Ad.).

S.javana {l^.) = nodifera (Lam.).

S.fulminata (Kiener).

6". amicta (Smith) = ««r/rt (Lam.).

Drillia (Gray).

D. Atkinsonii (Smith) =crenu/aris (Lamk.).

Clavus (Montfort).

C sacra (Reeve).

C. crassa (Smith).

C. praeclara (Melvill) sp. nov.

Mangilia (Risso),

M.fnlvocincta (Nevill).

M. lucida (Smith).
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M.fortistriata (Smith).

M. decipiens (Smith).

M. Fairbanki (Nevill).

M. perplexa (Nevill).

M. foraminata (Reeve).

M. {ClatJmrelld) tincta (^eeve)-=:le7Jimscata (Nevill).

M. Annstrongi (Nevill)
1

M. SmitJiii (Nevill) I these with doubt.

M. bicinctula (Nevill) J

D. atkinsonii is the common shell, and it seems impos-

sible, satisfactorily, to separate our specimens from cremtlaris

(Lam.), which has also been described as from Bombay.

Young specimens are brownish with purple tinge, and differ

a good deal from the massive appearance of the old shell.

We should also not be surprised to find out that crassa (Smith)

will turn out to be but another form of this species. 8. aviicta

seems very common on the coast to the north of Bombay.

S.fulminata is a beautiful shell when in perfect condi-

tion. Lives in deep water, and occurs in Bombay Harbour

in mud.

Of the Mangilicz fortistriata, decipiens, ^SiA foraminata

occur most frequently. Tincta is a beautiful little shell,

easily known by the brown band at the suture.

The Nevill types being in the Calcutta Museum, it has

been difficult to feel certain of the naming ot some of our

specimens.

Fam. CANCELLARIIDyE.

Cancellaria (Lam.).

C. (Trigonostoma) scalarina (Lam.).

C. „ costifera (Sowb.).

This family is not at all common, and it may be that

these two species are but forms of one. All were found

in one locality, washed up by heavy seas. They are

deep water shells.
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C. {Merica, 11. and A. Ad.) bifasciata (Desh.)= ol7/ono;-a

(Sowb.).

Rare.

Fam. OliviD/E.
Oliva (Brug).

O. nebulosa (Lam.).

O. inatira Z., var. B. sepidturalis (Lam.).

Olivella (Swainson).

O. nympJia (Adams).

Nebulosa and its variety intricata (Marrat) are ex-

ceedingly common on sandy shores, but live specimens are

not found.

Fam. Harpid^.
Harpa (Lam.).

H. co7ioidalis (Lam.j appears in Mr. Herford's collec-

tion, but we have not found it.

Fam. Marginellid^.

Marginella (Lam.).

M. mazngonica (Melvill), sp. nov.

Very common in shingle.

Fam. MiTRiD^.
MiTRA (Lam.).

M. procissa (Reeve).

M. cJiinensis (Gray). A single worn specimen.

Specimens of this family are rare.

Fam. Fasciolariid.'E.

Fasciolaria (Lam.).

F. trapezium (Lam.) from Ratnagiri.

Fam. TURBINELLID.E.

Turbinella (Lam.).

T. gravis (Dillwyn), napiis (Lam.).

T. {Myristica, Swainson) bucephala (Lam.).



The Alarine Molhisca of Bombay. 29

Fam. BUCCINID.E.
Cyllene (Gray).

Cfuscata (A. Ad.).

Tritonidea (Swainson).

T. mbiginosa (Reeve).

iCantharus) spiralis (Gray).

Engina (Gray).

E. sea (Melvill), sp. nov.

DiPSACCUS (Klein).

D. {Ebzirna) spiratns (Lam.).

Nassaria (Link).

N. siituralis var. = recurva (Sowb.).

C. spiralis and D. spiratns are very common, the former

on rocks, the latter in sand. Cfuscata may frequently be

found at very low tides from its habit of exposing itself

when left stranded. It apparently burrows in sand. In its

normal form it appears to be a somewhat smooth-backed

shell with marbled markings and white transverse lines

filetted with brown. Some specimens, however, are longi-

tudinally corrugate, and they do not appear to have the

beautiful coloration just mentioned.

Fam. NassiD/E.
Nassa (Lam.).

N. {Usita, H. & A. Ad.), nodifera (Powis).

ornata (Kiener).

Both very common on sand.

N. {Arcularia, Link.) Thersites (Brug.) from Ratnagiri.

leiitiginosa (A. Ad.).

Very rare at Bombay.

N. {Telasco, H. and A. KA) filesa (Gray).

var. picta (Dunker).

Common on coast to North of Bombay.

N. {Telasco) miicronata (Ad.).

There appear to be one or two more species of Nassa,

but specimens are worn and unnameable, Mr. F. P. Marrat,
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of the Liverpool Museum, has kindly examined most of

our specimens.
BULLIA (Gray).

B. Mauritiana (Gray). Rare.

B. [Leiodonms, Svvainson) lineolata {Wood) = belangeri

(Kiener).

B. Malaharica (Hanley) also occurs, but we were not

fortunate enough to secure specimens.

Fam. COLUMBELLID/E.

COLUMBELLA (Lam.).

C. scripta (Lam.).

C. {anachis, Ad.) TerpsicJiore (Leathes).

C. {Mitrella, Risso) Marquesa (Gaskoin).

C. „ (Risso) Euterpe (Melvill), sp. nov.

C. „ flavilinea (Melvill), sp. nov.

C. {Seminella, Pease) atrata (Gould).

C. „ atomella (Dudos).

C. TerpsicJiore and both the SeniinellcB are common, and

the latter are represented in the Mus. Brit, by specimens

found by Mr. Craven, at Bombay.

Fam. MURICID^.
MUREX (Linn.).

M. tribnlus (Linn.)

M. {Chicoreus, Montfort), adustus (Lam.).

M. „ niaurus (Brod.).

OCINEBRA (Gray).

0. Bombayana (Melvill) sp. nov.

UroSALPINX (Stimpson)

U. contractu (Reeve).

Purpura (Brug.).

P. ecliinulata (Lam.).

P. bufo (Lam.).

P. carinifera (Lam.).

P. Rndolfi (La.m.)=persica (Linn.).
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P. Tissoti (Petit).

P. hippocastanuni (Lam.).

P. Blanfordi (Melvill) sp. nov.

P. {Cmna, Swainson), sacellum (Lam.).

RiClNULA (Lam.).

R. {8isty7t7)t, Mont.), tiiberculata (De Blain).

Konkanensis (Melvill) sp. nov.

siibnodulosa (Melvill) sp. nov.

xuthedra (Melvill) sp. nov.

CORALLIOPHILLA (H. and A. Ad.).

C. Jejfreysii (Smith).

M. adiistus is pretty common amongst muddy stones.

P. biifo and P. Rudolfi amongst boulders at low tides. P.

carinifera very common on muddy rocks. U. contracta

also common. There seem to be two forms, one with white

bands crossing the ribs at the angle, the other nearly uniform

in colour, generally red brown, but sometimes dull white.

P. sacelliun—the spire of this handsome shell bears some

resemblance to a pagoda ; it is not uncommon in chinks of

rocks at low tides. Young specimens light yellow. ^^ tuber-

culatum, a common and remarkably massive shell for its size.

Fam. Tritonid^.
Triton (Montfort).

T. pilearis (Linn.).

T. aquatilis (Reeve).

Both rare.

T. {Linatella, Gray), cingulata (Pfeiffer), from Ratnagiri.

Ranella (Lam.).

R.{Apollon, Montf ), tuberculatai^vod.) = olivatorQAensch).

R. spinosa (Lam.).

R. siibgranosa (Bk.).

R. tubercnlata is the only common shell and frequents

low tide rocks.
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Fam. DOLIID.^.
DOLIUM (Lam.).

D. maaUatuin (Lam.).

Fairly common. A deep sea shell. Some specimens

seem a little to approach finibriatum, which after all may

be only a variety,

Pyrula (Lam.).

F.ficus (Linn.), Ficus laevigata (Lam.).

Hycotopiis fiais (Linn.).

Rare at Bombay.

Fam. Cypraeid^.
OvuLA (Brug.).

O.pudica (Adams).

O. Trailii (Adams).

O. indica (Reeve).

O. {Radius, Mont.), spelta (Linn.).

None of the oviilcB are common.

CypR/EA (Linn.).

C. arabica (Lam.) with van histrio (Gmelin).

C. ocellata (Lam.).

C. Laniarckii (Gray) allied to miliaris (Gmelin).

C. pallida (Gray).

C. lentiginosa (Gray).

C. moneta (Linn.).

C. annidus (Linn.).

Erato (Risso).

E.pelbicida (Reeve).

C. arabica and pallida are the commonest under rocks

and stones, but are rarely found except at very low tides.

Ocellata and Laniarckii much less common, and latter

seems to frequent muddy places or seaveedy rocks and

stones. Lentiginosa is rather rare. Moneta and anmdiis are

seldom found.
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Fam. Strombid^.

StrombUS (Linn).

S. gibberulus (Linn.).

Pterocera (Lam.).

P. lainbis (Linn.).

ROSTELLARIA (Lam.).

R. curta (Sovvb.).

The Rostellaria is fairly common, but never found alive,

generally with a crab in possession, though a heavy tapering

shell.

Fam. CERITHIIDyE.

Cerithium (Adanson).

C. morns (Lam.).

C. rnbiis (Mertyn).

Moms is very common on half-tide rocks, and very

variable in shape.

Cerithidea Bombayana {Sovjh.),Layardi {A. Ad.), and also

RJiizoporarum (A. Ad.) are all mentioned as from Bombay,

but out of a great number of specimens of the family we
have not been able to satisfactorily trace any but the two

above named.
Triforis (Desh.).

T. perversa (Linn.).

T.sp.

Perversa is a Mediterranean species, but our specimens

appear to differ little from it.

Cerithiopsis (F. Han.)

C. {Sella, A. Ad.) Bandorensis (Melvill) sp. nov.

Fam. Planaxid^.
Planaxis (Lam.).

P. sulcatns (Born).

P. similis (Smith).

Sulcatus very common upon rocks which are only in

reach of full tide.

C



34 Mr. J. C. Melvill and Mr. Abercrombie on

Fam. Vermetid^.

Vermetus (Adams).

V. sp. One species uncertain, found amongst shingle.

Fam. TURRITELLID^.

TURRITELLA (Lam.).

T. i^Zaria) duplicata (Linn.).

Very common on all the shores. It may be that T.

cerea (Reeve), bacilliini (Kiene), also occurs, but as live full-

grown specimens have not been found, it is a little uncertain.

Fam. LiTORlNlD^.

LiTORINA (Ferussae).

L. (Melaraphe) intermedia (Phil.).

Young specimens only.

L. ventricosa (Phil.).

Tectarius (Val.).

T. Malaccamis (Phil.).

This last is very abundant, and lives high on the sun-

heated rocks above the reach of all, excepting spray, or the

highest spring tides. L. ventricosa is also very common,

more to the south, and lives in similar positions.

Fam. FossARID.^.

FOSSARUS (Philippi).

F. tornatilis {Go\x\d) = stolickzanus (Nevill).

F. fenestriatns (Adams).

F. trochlearis (Adams).

F.sp.

F.sp.

All very uncommon. As to the two (or three) unnamed

species, we have left them for the present, not having been

able to examine the Nevill types in the Calcutta Museum.
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Fam. SoLARiiD^..
Solarium (Lam.).

8. IcEvigatmn (Lam.).

Worn specimens only.

TORINIA (Gray).

>S^. {Torinia) ddectabile (Melvill), n. sp.

S. ( „ ) homalaxis (Melvill MSS.).

Both very rare. The latter not described at present,

owing to its mamillate apex, and consequently young state.

Allied to 8. virgatmn (Hinds). Some remarks will follow

later on in this paper, upon this form, after the description

of vS. delectabile.

Fam. LiTlOPiD/E.

DiALA (H. and A. Adams).

D. Leitliii (Smith).

Alaba (H. and A. Adams).

A rectangulata (Craven).

The former is a rare shell, apparently peculiar to

Bombay, The latter an elegant little species with brown

transverse lines and swollen white varices, not uncommon

in shell sand.

Fam. RissoiD.E.
RiSSOlNA. (Orbigny).

R. Seguenziana fissel) allied \.o pulchra (Adams).

R. {Zebina, H. & A. Ad) applanata (Melvill) sp. n.

R. „ canaliculata (Schwartz).

R. {Pyraniidelloides) insolita (Desh.).

R.sp.
RiSSOA (Fremv.).

R. Versoverana (Melvill) sp. n.

Onoba (H. and A. Ad.).

0. sp.

Alvania (Risso).

A. Mahimensis (Melvill) sp. n.
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Iravadia (W. T. Blanford).

/. trochlearis (Gould).

Fenella (H. and A. Ad.).

F. cerithina (Phil.).

Fairbankia (W. T. Blanford).

F. Bombayana (Blanford).

We have named Rissoina canaliculata (Sch.) from speci-

mens so labelled in the National Collection, S. Kensington,

but we are doubtful whether the R. ainhigua 3.x\d plicatula, of

Nevill's Catalogue, could we but examine the types now in the

Calcutta Museum, would not clear up some difficulties with

regard to them. /. trocJilearis (Gould) is a beautiful white

tranversely sulcated little species, not uncommon in shell

sand ; the sculpture of R. insolita (Desh.), is very curious.

Other specimens of this genus we have at present unnamed,

owing to the difficulty attending the synonyms throughout,

and the want of a good monograph of the whole order.

Fam. HydrobiiD/E.
Stenotiiyra (Bern.).

6". Woodmasoniana (Nevill).

5. sp.

We have two, if not three, species of this closely-allied

genus.

Fam. AssiMlNEIDiE.
Assiminea (Leach).

A. cornea (Leith).

Very small and obscure brackish water species ; we have

about three or four species altogether, but have not been

able to differentiate them with absolute certainty, not

having seen the named types. They will probably fall

under the following names :

—

A. Bombayana (Grateloup).

A. marginata (Leith).

A. subconica (Leith).

A. rotunda (Blanford).
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Fam. Capulid/E.

Crucibulum (Schum.).

C. violaceinn (Carp.).

Only worn specimens.

Calyptr/EA (Lam.).

C. pellucida (Reeve), probably a variety of C sinensis (L.).

Erg^a (H. and A. Ad.).

E. W^^Mz (Hermannsen),

This last is common : C.pellucida (Reeve) does not appear

to differ materially from the C. sinensis (L.) found on British

shores, as well as many other parts of the world.

Fam. Naticid^.
Natica (Adanson).

N. lineata (Lam.).

N. maculosa (Lam.).

N. rufa (Bern.).

N. ala papilionis (Chem.), rare.

N.piilicaria (Phil.).

N. {Neverita, Risso) didynia (Bolten).

N. {Mammilla, Schum) Zanzibarica (Recluz).

N. {Naticina, Guild.) Jibula (Reeve), rare.

papilla Gmelin), rare.

poinatiella (Melvill) sp. nov., rare.

SiGARETUS (Lam.).

S. Cuvierianus (Recluz), rare.

plamdatus „ rare.

N. lineata, didyma, and maculosa are all common, and

may be found alive in sandy places at low tides

—

rufa and

Zanzibarica rarely found except during rough weather, when

dead specimens get washed up. Among our specimens of

lineata is one bearing five to six transverse canaliculations

at somewhat irregular distances from each other, and giving

a slightly angled appearance to the last whorl.
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Fam. Ianthinid^.

Ianthina (Lam.).

/. cornmiinis (Lam.).

And another species.

Recluzia (Petit).

R. Rollandiana (Petit).

The former washed up in some quantity during rough

weather, the latter rare.

Fam. SCALARIID^.

SCALARIA (Lam.).

S. pretiosa (Lam.).

vS. censors (C. and F.).

Surely this species is the same d,s perplexa (Pease).

vS. aculeata (Sowb.).

{Acrilla, H. Ad.), acuminata (Sowb.)

minor {So\vh)=gracilis (H. Adams).

A worn specimen of ours resembles >S^. ovalis (Sowb.),

the locality of which does not seem to be known,

Species of this family are uncommon at Bombay. Only

one specimen of S. pretiosa occurred.

Fam. EuLiMiD^.
EULIMA (Risso).

Two species, undetermined at present. One of these

is probably a novelty, with broad oblique mouth, ten

whorled, whorls incurved, and a little distorted.

Fam. Pyramidellid^.

Pyramidella (Lam.).

P. piilchella {A. Ad.).

Amathis (H. and A. Ad.).

A. filia (Melvill), sp. nov.
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OSCILLA (A. Ad.).

O. tornata (A. Ad. MSS. inedit.) sp. nov.

MONOPTYGMA (Gray).

M. fulva (Gray).

Odostomia (Fleming).

O. sp. Not yet worked out.

TURBONILLA (Leach).

T. sp. Four species.

Pyrgulina (A. Ad.).

P. casta (A. Ad.).

P. callista (Melvill), sp. nov.

P. Three other species, undetermined.

Fam. Neritid^.
Nerita (Adanson).

N. oryzarinn (Recluz).

albicilla (Linn.).

polita (Linn.).

Neritina (Lam.).

iV^. crepidiilaria (Lam.).

pidcJiella (Reeve).

N. oryzarum is extremely common under stones at half-

tide, and is variable both in shape and colouring. Nerita

Longii (Recluz), Dombeyi (Recluz) and quadricolor (Gmelin)

have all been mentioned as found in Bombay, but out of a

large number of specimens we have not been able to set

apart any as truly distinct from the oryzarum type.

Fam. TURBINID^.
Turbo (Linn).

T. elegans (Fhi\.)= intercostalis (Phil.).

ASTRALIUM (Link.).

A. stellatum (Gmelin).

Both common.
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Fam. TROCHlDyE.
Trochus (Linn).

T. {Polydonta, Schum.) radiatiis (Gmelin).

Clanculus (Mont).

C. depictus (A. Ad.) = TrocJms scabrosus (Phil.) ?

We think these two must be forms ofone species. White

specimens of C. depictus are also not unfrequent, and may

be designated as van albidus.

C. ceylaniais (Nevill).

ISANDA (H. and A. Ad.).

/. crenulifera (A. Ad.).

ROTELLA (Lam.),= UMBONIUM (Link.).

R. vestiaria (Lam.) and var. elegans (Beck).

GiBBULA (Risso).

G. Swainsonii (A. Ad.).

ZlZYPHlNUS (Gray).

Z. scobinatus (Adams). Not common. Peculiar to

Bombay shores.

EUCHELUS (Phil.).

E. tricarinatiis (Lam.).

var. Jiorrida (Phil.).

Indicus (A. Ad.).

T. radiatiis is extremely common, and some specimens

appear to agree very closely with incrassata (Lam.).

C. depictus and E. Indicus also abound, and the little bright

coloured R. vestiaria is present in countless millions, in

many beautifully coloured varieties.

Fam. Delphinulid/e.
LlOTiA (Gray).

L. pulchella (Dunker). Our specimens of this little

shell agree very closely with Cyclostrema eburneuin

(Nevill), so far as we can judge from the figure.

Cyclostrema (Marryat).

C. solariellum (Melvill), sp. nov.

G. cingulatuni (Dunker).
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Fam. HaliotiD/E.
Haliotis (Linn).

H. rufescens (Sowb.).

A large species, of which we have only one somewhat

imperfect specimen, from Bombay. It occurs also at

Ceylon.

Fam. FiSSURELLIDzE.

FiSSURELLA (Brug.).

F. Bonibayana (Sowb.) = lima (Sowb.).

This shell is very variable, being sometimes oval, and at

other times a good deal elongated. In colour it is white to

blackish brown, and sometimes rayed with brown.

Emarginula (Lam.)

E. elongata (Phil.).

E. radiata (Gould).

Scutum (Montfort).

S. unguis (Linn.).

This shell is pretty common on muddy rocks and under

stones. The animal envelopes the whole shell, excepting

the very apex.

Fam. PATELLIDyE.
Patella (Linn).

P. aster (Reeve).

This shell is very common, and perhaps another species

also occurs.

Clypidina (Gray).

C. notata (Linn.).

Fam. SCAPHOPODA.

Dentalium (Linn.).

D. longitrorsiini (Reeve).

And another species of which our specimens are in too

young a condition to name.

Cadulus (Phil).

C. gadus (Sowb.).

Most abundant in shell-sand.
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PELECYPODA.
Earn. OSTREID^.

OSTREA (Linn.).

O. creniilifera (Sowb.) ^plicata (Chem.).

O. bicolor (Hanley).

We give these names as most closely corresponding

to the Bombay specimens that have come under our

notice, but this family is so widely distributed in all seas,

and the similarity of shell sculpture is so close, whilst the

shape is so varied, and also frequently encrusted with

nullipores, that it is impossible to speak with absolute cer-

tainty.

O. lacerata (Hanley). Eound on stones at low tide,

densely clustered, and arranged vertically.

Fam, Anomiid/E.
Anomia (Linn.).

A. Achaeus (Gray). Common.

A. {Enigma) aenigmatica (Ant.).

Placuna (Brug).

F. placenta (Linn.)

Very common.

Fam. Spondylid.e.
Spondylus (Linn.).

/S. riibicundiis (Reeve).

Si. Nicobariais (Chem.).

Both species uncommon, and only imperfect specimens

obtained.

Fam. Pectinid^e.

Pecten (P. Belot).

P. senatorius (Gmel.).

P. Bingaporhms (Sowb.).

This family is very poorly represented, and only worn

and small specimens of the above were collected.
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Fam. AVICULID-'E.

Pinna (Linn.).

P. nigra (Chem).

A single specimen found attached by its byssiis to a

clump of stones.

Fam. Mytilid/E,
Mytilus (Linn.).

M. smaragdiniis (Chem.).

MODIOLA (Lam.).

M. {BracJiydontes) emarginata (Benson).

Shells belonging to this family rare in Bombay, but

commoner to the south.

Fam. Arcid^..
Arca (Linn.).

A. bistrigata (Dunker).

A. {Scap/iarca, Gray) inaequivalvis (Brug).

A. „ Japonica (Reeve),

A. „ rJionibca (Bern.).

A. {Anadara, Gr^iy) granosa (Lam.).

A. {Barbatia, Gray) obliquata (Wood).

A. „ lactea (Linn.).

A. (A car, Gray) tenebrica (Reeve).

Fairly largely represented in Bombay, and inaequivalvis,

granosa, and bistrigata all common, the last-named attached

to rocks and stones by a strong byssus. Obliquata occurs

commonly at Aden, but is rare at Bombay, while rhonibea

is likewise found at Ratnagiri. Lactea very common, and

also reported from Japan, Aden, Coast of Africa, Medi-

terranean, and British waters ; this includes A. Zebuensis

(Reeve).

Fam. NUCULID.^.
NUCULA (Lam.).

N. Layardi (Adams).
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Leda (Schum.)

L. {Nuc2ilmta, Link.) Mauritiana (Sowb.).

YOLDIA (Moller).

Y. Nicobarica (Brug).

Specimens of this family are uncommon.

Fam. Carditid.^.

Cardita (Brug.).

C. antiquata (Lam.).

C. calyadata (Lam.).

The former is very common at Bombay, while the latter

occurs at Ratnagiri.

Fam. CardiiDvE.

Cardium (Linn.).

C. coronatum (Speng.) = Asiatiawi (Brug.).

C. latum (Bern.).

Coronatum is extremely common, and from an examina-

tion of a vast quantity of specimens, we conclude that

Asiatiacm is merely a larger form of the same shell.

Latum is uncommon, some specimens covered with a

bristly epidermis, others nearly smooth.

Fam. Chamid^.

CllAMA (Linn.).

C. macropJiylla (Chem.).

A single specimen from Bombay is, without much

doubt, this species, which is of unusually wide distribution,

having its centre of distribution in the West Indies.

Fam. CYPRINID.E.

LiBiTiNA. (Schum.) = Cypricardia (Lam.).

L. vellicata (Reeve). Common.
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Fam. VENERID.E.
Meretrix (Lam).

M. inorpJiina (Lam.)

b. Var. castaiiea (Lam.).

c. N?iX. petechialis (Lam.).

d. Var. inipudica (Lam.).

Very common, and our range of specimens show these

forms merging into each other, though usually considered

distinct species.

Circe (Schum.).

C. divaricata (Chem.).

Very common amongst muddy stones.

Merge (Schum.).

M. effossa (Hanley).

M. Solandri (Gray).

M. hians {V^ood) = 8ola7idrz.

M. contempta {Smith) = So/andri.

M. effossa is very common in sand. Solandri also very

common, and it is a' question whether there are more than

these two species at Bombay. From an examination of a

large quantity of perfect specimens, we come to the con-

clusion that hians and contempta are only Solandri in various

younger stages of growth.

DosiNiA (Scopoli).

D. pubescens (Phil.).

D. gibba (Adams).

D. riistica (Romer).

D. prostrata (Linn.).

D. ptibescens is fairly common in all stages of growth.

Young specimens are nearly circular, silky in appearance,

and often tinged with pink ; in the older forms the beak

becomes more prominent, and shell somewhat elongated.

Rtistica is somewhat closely allied in form, but is rougher

and more chalky in texture. D. prostrata is easily known

by its light brown and slate-coloured tinge, and is only

found during seasons of rough weather.
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Venus (Linn.).

V. imbricata (Sowb.)

This little shell abounds in the sandy shingle of the

shore.

V. {Chione, Megerle) co)\ (Wood), also found at Karachi.

V. „ pmgius (Hinds.).

V. „ Layardi (Reeve) = Ratnagiri.

V. „ radiata (Chem.) = Tapes marmorata

(Lam.)

„ orientalis

(Reeve).

Cpingtiis and radiata are extremely common, and the

latter is very variable in shape, young specimens being of

the typical Tapes form, whilst the old ones become much

more gibbous. Both are much sought for edible purposes,

and perfect specimens of all growths can easil}' be obtained.

V. (Anaitis, Romer) isabellina (Phil,), Rare.

Clementia (Gray).

C. papyracea (Gray).

A single valve, which we cannot think can be other than

this species, though it is smaller than the typical specimen.

Tapes (Megerle).

T. {Pjillastra, Sowb.) Malabarica (Chem.).

T. „ textrix (Chem.).

T. „ Indica (Sowb.)

These are all beautiful shells when perfect, and T. Mala-

barica and T. textrix, the latter especially, are common.

With textrix the general form is very smooth and shiny, but

old specimens are often irregularly concentrically striated

and lose the characteristic web markings.

Venerupis (Lam.).

V. macropJiylla (Desh.

N.B.

—

Petricola bipartita (Desh.) There are specimens

in the British Museum of this shell from Bombay, but we

have not been fortunate enouijh to find it ourselves.



TJie Marine Mollusca of Bombay. 47

Fam. Glaucomvid^.

Glaucomya (Woodward) = Glauconome (Gray).

G. ccrca (Reeve).

A fairly common little shell, living in brackish waters.

Fam. UNGULINID.E.

DiPLODONTA (Brown) = MvsiA (Leach).

D. Lidica (Desh).

D. rotioidata (Turton).

D. ludica is frequently met with as a little delicate

globular shell, the full grown specimens being only found at

times of rough seas. D. rotundata—This British shell

occurs at Aden, and a valve or two of what appears to

be the same is in our collection.

Fam. DONACID.E.

DONAX (Linn.).

D. scortum (Linn.).

D. incamatiis (Chem.) = Dysoni (Desh.),

D. abbreviatus (Lam.).

All are pretty common.

D. Dysoni appears to be incamatiis in a }'oung form, and

is frequently prettily coloured with pink and purple.

D. abbreviatus is sometimes pure white inside and out,

and sometimes deep purple inside and brown outside, with

all intermediary variations.

Fam. PSAMMOBIID^.

PSAMMOBIA (Lam.).

P. Malaccana (Reeve) =pallida (Desh.). Rare.

SOLENOTELLINA (Blainv.).

vS. {PsajHjnotcea, Lam.) atrata (Desh.).
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ASAPHIS (Modeer) = CAPSA (Brug.).

A. defiorata {l^\nn.) = Sangiiinolaria vel Capsa rugosa

(Lam.)

P. atrata is the only purple bivalve in Bombay, and is

fairly common.

A. defiorata. Dead specimens only found of this large

and handsome shell.

Fam. SOLENID^.

SOLENOCURTUS (Blainv.).

/S. exaratiis (Phil). Rare.

SiLlQUA (Megerle).

<S, albida (Danker).

• SOLEN (Linn.).

6". truncatus (Sowb.).

5. brevis (Hanley).

The Siltqua is not common, but both forms of SoleJi are,

and when young the shells are so closely allied that it is

difficult to differentiate them.

Fam. Mactrid^.

Mactra (Linn.).

M. plicataria (Linn.). Rare.

M. cornea (Desh.) Rare.

M. Lttzonica (Desh.).

Luzonica is not uncommon, and it seems generally dis-

tributed over the whole Indian peninsula, as we have seen

specimens from Madras and Calcutta.

Raeta (Gray).

R. Abcrcro7ndiez (MqWiW) sp. nov. Only found after rough

weather.

Harvella (Gray).

H. {Standella, Gray) capillacea (Desh.).
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H. {Standella) pellucida (Chem.).

Both these shells are common, and attain a large size, say

4"x 2^/3". Only dead specimens procured.

LUTRARIA (Lam.).

L. planata (Chem.). Rather rare.

L. {CaeceIla,Grdiy) trajisversalis [D&sh^. Fairly common.

Fam. Myid^.
CORBULA (Brug).

C. modesta (Hinds).

Rare at Bombay, but occurring to the South in some

quantity.

Cryptomya (Conrad).

C. PJiilippinariini (A. Ad.).

One specimen collected by Mr. Herford, besides two of

our own. Although all are dead specimens, and not in good

condition, we identify them with this Philippine species

with considerable certainty.

Fam. Pholadid.^.
Pholas (Linn.).

P. (Barnea, Leach) Bakcri (Desh.).

P. {Martesia, Leach) striata (Lam.).

Single valves of P. Bakeri3.re common, but the live shell

we have not met with.

Fam. LUCINID.-E.

LuciNA (Lam.).

L. fibula (Reeve). From Ratnagiri. A species of very

wide distribution, occurring in the Tropics of both hemi-

spheres.

Fam Tellinid^.
Tellina (Linn.)

T. capsoides (Lam.).

T. emarginata (Sowb.).

T. Kolabana (Melvill), sp. nov.

D
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T. Hoviala, Schum.) ala (Hanley).

T. „ simtata (Spengler).

T. {Angtihis, Megerle) rtibi^a (Desh.) = cu/fa (Hanley).

T. „ nibella (Desh.).

T. {Moera, H. and A. Adams) kchriograinvia (Melvill)

sp. nov.

Gastrana (Schum.)

G. Briigieri (Hani.)

G. {Metis, H. and A. Adams) edentula (Spen.).

= angiilata (Chem.).

G. „ polygona (Chem.).

G. {Macojiia, Leach) truncata (Jonas).

Specimens of this large family abound in Bombay

waters, and the first four are very common. G. edetitida

and M. truncata are equally plentiful. T. rubra and rubella

seem more plentiful to the south, as we obtained many
specimens from Ratnagiri. Of G. polygona only a few valves

were found after rough weather. We have another small

orange pink shell belonging to this family, but as it appears

to be young, we await further specimens before attempting

to differentiate it.

Fam. SCROBICULARIID.E.

Abra (Leach) = Syndosmya (Recluz).

A. opalina (Hinds). Rare.

Semele (Schum.) = Amphidesma (Lam.).

^. cordiforrnis (Sowb.).

6". regularis. (Sm,).

vS". cordiforrnis is common in muddy places, though

described by Reeve as a shell of extreme rarity. Of
regidaris we have only one valve, which appears to agree

with specimens of this name in the British Museum, though

it is also allied to scabra (Hanley).
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1

Fam. Pandorid.e.
Pandora (Brug.).

P.flexiiosa (Sowb.).

Common in shingle.

Fam. Anatinid.^.
Anatina (Lam.).

A. labiata (Reeve).

Found in some quantity amongst seaweed cast up by a

storm, otherwise rarely met with, perhaps because of its

extreme fragility.

Thracia (Blaine.).

T. Salsettensis (Melvill), sp. nov.

Like the last, extremely fragile, which may account for

so large and fine a shell having hitherto escaped descrip-

tion. Have only met with single valves.

P'am. LiNGULID.E.
LiNGULA (Brug.).

L. Jiians (Swainson).

Dug up in quantity at low tides out of black mud.

N.B.—The arrangement followed is that adopted by

M. Paul Fischer in the Mamiel de ConcJiyliologie, 1887.

* * * *

Whilst these sheets have been passing through the

press, we have had the opportunity of perusing a very

interesting article by a writer signing himself ' Keswal,' in

the Journal of the Bombay Natural History Societyy in which

much pleasant, if discursive, information is given about the

productions of the waters of Western India, especially those

of the Konkan region. He does not name, however, any

specimens of Mollusca (excepting one or two Cephalopoda),

to which we have not already made reference.
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Descriptions of Twenty-five New Species of Marine

Shells from Bombay. Collected by Alexander

Abercrombie, Esq. By James Cosmo Melvill,

M.A., F.L.S.

(Received November i^th, i8g2.)

MUREX (Ocinebra) Bombayanus sp. nov. (PI. I, f. I).

M. testa fitsifonni^ochraceo-cinered^squaniatd, apice aciito,

anfractibus septein vel octo, angiilato-costatis, jiltimo anfractu

variables octo, in medio trinis angidoriim ordinibus trans-

versim siiccincto, aperturd ovato-oblongd, pallescente, labro

intns denticulato, canali brevi.

Long. spec. typ. 31 mill.

Lat. 16 mill.

Hab. Bombay, common along the coast {A. Abercrombie,

Herford, W. T. Blanford (in Mus. Brit.). Ratnagiri {A.

Abercrombie).

Evidently a very abundant species, and in all probability

extending some way both North and South of Bombay.

The largest of the many specimens I have seen measures

35 millimetres longitudinally. It is a very uniform species

in all stages of its growth, and would appear to have been

confounded with M. hiculentiis (Reeve). Its nearest ally,

however, would seem to be AT. cristatiis (Brocchi) from the

Mediterranean, from which, however, it is quite distinct.

Some specimens are pale yellow, with faint brown transverse

fasciae.

Pleurotoma (Clavus) PR-«CLARA, sp. nov. (PI. I, f 2).

p. testci pyramidato-fusiformi, percrassa, pallide ochracedy

anfractibus septem vel octo, ad suturas valide impressis, longi-
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tudinaliter oblique pluricostatis, transversivi regtilariter

Iiratis, apertura oblongd simplice, labro exteriore in medio

crassiusado, canaii brevissimd, inargine columellari obliqui-

planato.

Long. 44 mill.

Lat. 16 „

Hab. Bombay, up the coast {Abercronibie).

A large, conspicuous species, of which all the specimens

before us are somewhat worn : not sufficiently so, however, as

to efface the sculpture.

From P. Atkinsoni (Smith), crenularis (Ldim.), Jlavidula

(Lam.) it is quite distinct, being more allied to the smaller

sacra (Reeve), in my opinion ; and a member of the sub-

genus Claviis, rather than Drillia. As Tryon, however,

rightly observes, the subgenera allotted to the larger Pleuro-

tomcB are not always very well defined.

Purpura (Stramonita) Blanfordi, sp. nov.

(PI. I. f 3).

T. testa ovato-ftisiformi, crassa, cinereo-carned, anfractibus

qninqiie, longitudinaliter tubercnlato-cosiatis, undiqiie trans-

versim regulariter et arct^ liratosulcatis, costis in medio

conspicii^ unangulatis, idtiino anfractu bind serie tuberculato,

apertura ovatd, earned, labro extus biangulato, intus denti-

culato, margine columellari recto, simplice.

Long. 27 mill.

Lat. 18 „

Hab. Bombay and Ratnagiri {A. Abercrombie, Herford,

and also W. T. Blanford in Brit. Mus.), Kurrachee (Brit.

Mus.). {Blanford).

This species would appear common upon the rocks of

the West Coast of India. We have seen specimens from

Kurrachee, and believe the same shell occurs in Ceylon.

The two specimens collected by Mr. Abercrombie, one

of which is figured, are the only ones I have seen quite
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perfect as regards completion of growth. In size it assimi-

lates P. Tissoti (Pet), with which, also abundant on these

shores, it has been confounded. It is easily to be differen-

tiated, since it does not possess the deep bisulcate transverse

grooving of P. Tissoti, nor the revolving raised ridges with

small nodules equi-distant thereupon.

RiCINULA (SiSTRUM) SUBNODULOSA, Sp. 710V. (PI. I, f. 6).

R. testa turritd, fusiformi, solidd, apice acitto, anfractibiis

acta vel ttovein, in medio atigulatis, tranversim sqiiamato-

comigatis, Ji/tiino anfractii bino ordine fioduloso, et infra,

duobus ininoribiis ordinibus noduloriini succincio, apertura,

oblongd lividd, labro extus angulato, intns livido, denticulato,

margine cohiviellari recto.

Hab. Bombay. {Abercronibic, He}'ford.)

Long. spec. typ. 20 mill.

Lat. 9-20 „

Bearing a little resemblance to the West Indian R.

nodulosa (C. B. Adams), but the black rows of nodules stand

out more prominently upon a lighter ground, the interstices

between which on the last whorl give a semblance of a

fascia. The shell is also more elongate than R. nodulosa.

One of Mr. Herford's specimens is larger than usual (23

mill.), the smallest with lip perfect, only 1 1 mill., but the

essential characters are preserved in each.

RiCINULA (SiSTRUM) KONKANENSIS, Sp. nov. (PI. I, f 5).

R. testa pyramidato-fusifornii, solidd, livido cinered, apice

attejiuato, acuto, anfractibns quinque-sex, longitndinaliter

plicato-costatis, transversini 7iigro-nodulosis, interstitiis traiis-

versim sqiiamiilosis, apertura ovatd cinered, labro extus

viuriciilato, intus denticulate^ margine columellari recto.

Long. 29 mill.

Lat. 15 „

Hab, Bombay {Blanford, Abercrombie, &c:).
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Not unfrequent. Has been hitherto confounded, judging

from the specimens in the National collection, with R. affinis

and R. {Sistruni) concatenata (Reeve).

RiCINULA (SISTRUM) XUTHEDRA, Sp. nov. (PI. I, f 4).

R. testa fusiforvii, solidd, IcBt^ flavidd, anfractibus sex,

longittidinaliter costatis, costis albonodulosis, transversivi

inter castas tenniliratis, apertnrd alba, ovatd, labro intiis

dejiticulato, apud niarginem columellarem trinoduloso.

Long. 15 mill.

Lat. 8 „

Hab. Ratnagiri {A. Abenroinbie).

A beautiful yellow-ochraceous species, with longitudinal

white noduled ribs, mouth ovate, white, outer lip denticulated

within, and two or three nodules on the columellar margin.

A form on the border-land between Sistruni and Engina.

Four specimens.

Engina zea, sp. nov. (PI. i, f 7).

E. testa conico-pyraniidali, solidiusculd, apice aciito, an-

fractibus octo, transversivi nodnlis nitidis variegatis arete

accinctis, interstitiis duplici, vcl-triplici striatosulcatis, ultimo

anfractu longitudinaliter costiplicato, in medio transversim

albizonato, aperturCi ovato-trigonali, ad basin angustd, labro

externo incrassato, variegato, intus lirato, et apud marginem

columellarem crassi-striato.

Long. 18 mill.

Lat. 9-50 „

B.ab. Bombay i^A. Aberci'ombie). There are also speci-

mens in Mus. Brit, collected by Mr. W, T. Blanford, F.R.S.,

from the same locality.

This species has apparently been confounded with E.

armillata (Reeve), from which it differs both in form and

marking. I have had specimens for more than twenty
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years lying unnamed in my collection, and there are others,

likewise unnamed, in the British Museum.

It is a conical, sharp-pointed little shell, acutely broad

in the middle, giving a quadrate appearance to its contour,

becoming rapidly attenuate at both ends. Round the

centre of the last whorl runs a conspicuous white median

band, formed of white transverse nodules, the rest of the

surface of the shell being nodulous, and variegated brown

and white.

The mouth is triangular-ovate, outer Up exteriorly

variegated, inner with small white ridges, and on the colu-

mellar margin are several raised short white ridges.

The similarity to grains of maize i^ia) suggested the

trivial name.

COLUMBELLA (MiTRELLA) FLAVILINEA, Sp, UOV.

(PI. I, f. 8).

C. testa tenui, Icsvi, atifractibus sex vel septevi, ad suturas

subcojnpressis, tranversiui lineis angustisflavidis, hie illicspeci-

ininibus quibusdam interriiptis^ in aliis cojitinuis^ conspiciie

decoratis; apertiird oblongd, labro exieriore paidliun angulato,

intus simplice, lesvi.

Long. 5 mill.

Lat. 2-50 „

Hab. Bombay {Abercrombie).

Not uncommon
; allied to C. Marqiiesa (Gaskoin), of

which one good specimen was also found in shell sand from

the same locality. The shell is small, smooth, ornamented

with painting of narrow, usually continuous, but in some

specimens interrupted, yellow lines. Several examples.

COLUMBELLA (MiTRELLA) EUTERPE, Sp. nov. (PI. 2, f 9).

C. testa attemcatd, fusiforvii, tenuis siibpellucidd, lesvi,

anfractibus septcm, infra suturas ochraceo-fiajunmlatis et
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alboinacnlatis, jiltimo anfractu in medio anguste albo-lineato

infra arete brevibns flanimis ocJiraceis decorato, apertnrd

anguste oblofigd, labro simplice.

Long. 6 mill.

Lat. 2-50 „

Hab. Bombay {Abercrovibie).

A very few specimens, and those mostly imperfect, have

occurred of this little Mitrella. Its whorls, seven in number,

and quite smooth, are ornamented with flame-like zigzag

markings at the sutures, and extending over the whorls,

also ornamented with opaque white marks and blotches.

In the last whorl there is a pale median transverse line

caused by the cessation of the abov-e-mentioned flammulate

markings, which recommence, howev^er, below, towards the

base, in many thin, almost straight, yellow lines. Mouth

simple, narrowly oblong.

Marginella (Gibberula)Mazagonica,j;^.W(?z/.(P1. i,f 10)

M. testa ovato-conicd, parvd, siibpelhicidd, IcEvi, anfractibiis

quatiior, apice obtuso, idtiino anfractu rapide accrescente, aper-

tnrd angustd, oblongd, labro exteriore intns denticulato, cohun-

elld quadriplicatd.

Long. 3 mill.

Lat. 2 „

Hab. Bombay. {^A. Abercrouibie). Very abundant.

A short stout conical little species, of ivory whiteness,

and quite smooth, lip denticulate within, and columellar

four-plaited. Allied to M. ininuta, (Pfr.) and M. Lavalleana

(D'Orb.), with neither of which it seems exactly to corre-

spond.

Solarium (Torinia) delectabile, j/. «^z;. (PI. i, f 11).

8. testa parvd, profiinde nmbilicatd, depresso conicd albe-

scente, delicatuldy subpellucidd, anfractibiis qiiatiior,gradatnliSy
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ultimo rapidc accrescente, undiqiie transversim ai'cte albo-gein-

mulatis, interstitiis sub knte obliquostriatis, circa uinbilicimi

bino gemniularum ordim inajoruni, nitentium, diposito aper-

turd tenui, labj'o siinplice, fimbriate^ subrotundo, apud

marginem columellarein reflexo.

Long. 2'5o mill.

Lat. 3 „

Hab. Bombay {Abercrombie).

Two or three specimens of an unusually lovely little

semi-transparent white species, occurring in shingle and

shell sand from Bombay. The form is depresso-conical, white

beaded, wonderfully closely obliquely striated at the inter-

stices between the beading ; this is not distinguishable

without a lens. The umbilicus has two rows of beads around

it, one large with coarser gemmulse, very shining ; the other

with smaller and more delicate granulation. Mouth thin,

round, fimbriate, reflexed at the columellar margin.

[N.B.—Another species of Solarium § Torinia, probably

new, occurred with the above, allied to 6". virgatum {Winds).

This species is white, very depressed, quadrate, with similar

transverse raised beading ; at the periphery the gemmulae

are larger and coarser, as also in the last row nearest the

umbilicus at the base. Mouth simple, quadrate. Apparently

quite a young shell. I have provisionally named it >S^.

homalaxis, but await further specimens before attempting

a full description.

Long. I mill.

Lat. 2-50 „

Hab. Bombay.].

Amathis filia, sp. nov. (PI. i, f 14).

A. testa aciculato-fusifoniii, albidd, turritd, semipellucente,

nucleo apicis vitreo, anfractibus septem, IcEvibtis, ad suturas

gradatulisy impressis, infra suturas interna lined plicarid



Tzventy-five Nezv Species of Marine Shells. 59

circuniainbiente, apertui'd oblongd, labro simplice, coliivielld

spiraliter iiniplicatd.

Long. 4 mill.

Lat. I 20 „

Hub. Bombay {Abercrovibie).

An attenuate shining white fusiform little species, allied

to A. virgo (Adams), from Japan ; the mouth is oblong,

columella strong, spirally plaited. The whorls are turreted,

smooth, semi-pellucid, with the internal plica showing

through as a transverse clouded line just below the sutures.

Two or three specimens only.

OSCILLA TORNATA, Sp. IIOV. (PI. I, f 12.)

\Oscilla tornata, Arthur Adams MSS. inedit.]

O. testd fnsifor7fii, albidd, anfractibus septevi, apud

suturas profundi canaliculatis, transversirn tricostatis, cosiis

binis infra suturas, parvo sulculo intercepto, tertid costd ab

his a canali profmidd divisd, sicut apud suturas, aperturd

ovatdy albidd, subpelhicente, labro externo sulculoso, extus et

intus, columellari conspicue et recte uniplicato.

Long. 3"io mill. {sp. majoris).

Lat. 1-50 „

Hab. Bombay {Abercrombie).

This wonderful little transversely sulcate and grooved

species has some external resemblance to Irazvadia troch-

learis (W. T. Blanford), but can be at once distinguished by

the plicate columella. There are four or five described

species of this genus, mostly of Mr. Arthur Adams' naming,

from Japan. In the British Museum is a specimen, also

from Japanese seas, with the name as above, entirely com-

parable with our shell. He does not seem to have ever

described it, as was, unfortunately, often his practice in his

later years, especially amongst these smaller and critical

genera. The consequence has been to still further render



6o Mr. James Cosmo Melvill on

unsolved and difficult the nomenclature of these extremely

beautiful but very microscopic genera and species.

In O. tornata the transverse ribs are three in number,

two below the deeply-channelled sutures, followed by a

similar deep groove, and then a third transverse costa, just

above the suture of the next whorl.

Three specimens obtained in shell sand. Very rare.

Pyrgulina callista, sp. 710V. (PL I, f. 13).

P. testd delicatitld, subpelhicidd, attemiato-fusiformi, an-

fractibtts septem^ ad siituras profiuide angidato-canaliculatis^

longitudinaliter-costis regtdaribns suboblique decoratis, inter-

stitiis l(Evibus, ultimo anfractii infra suturas iransversini

fortiter Jinilirato, ad dorsiun bino lirarum ordine, aperturd

ovato-oblongd, labro qiiadratulo, ad margiiiem columellareni

uniplicato.

Long. 4 mill.

Lat. no „

Hab. Bombay i^Abercroinbie).

One of the most exquisite little shells, so far as sculpture

is concerned, that it is possible to imagine. The shell is

seven-whorled, deeply angularly channelled at the sutures,

with raised transverse border at either end of the whorl,

the borders joined by slightly oblique lirae, smooth at the

interstices, the last whorl having a conspicuous angular

transverse border line, and at the back of the shell another

parallel to this, the lip is subquadrate, and the columellar

margin with a very conspicuous plait.

Two or three specimens in shell sand. Very rare.

Rissoina (Zebina) applanata, sp, nov. (PI. I, f. 16).

R. testd alba, nitidd, sublcBvi,fusifor7ni,apiceobiiiso,atz-
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fractibits sex, convexiusailis, longitudinalitei' obscurissime

costiilatis, apertura ovatd, labro paulliun incrassato, siniplice.

Long. 5 mill.

Lat 175

Hab. Bombay {Abercrombie).

A small smooth white species, allied no doubt to

R. {Zebina) sublcBvigata of Nevill from the Andaman Islands,

but apparently differing in being indistinctly longitudinally

costulate, whilst the R. siiblcEvigata is virtually smooth.

RiSSOA Versoverana, sp. nov. (PI. I, f 15).

R. testa parvd, delicatiild, ovato-oblongd, seinipellucente,

anfractibiis sex, ventricosis, ad sutiiras inipressis, longitudi-

naliter suboblique costatis, ad basem atifracti'is tcltimi fere

obiiteratis, tranversiin tenuiiiratis, aperturd rotunda, labro

temti, siniplice.

Long. 2 mill.

Lat. I -20 „

Hab. Bombay {Abercrombie^.

A small, very abundant species in shell sand, that we
cannot find has been characterized or described. The
longitudinal costae at the base of the last whorl are in

most specimens only faint or entirely obliterated.

Alvania Mahimensis. sp. nov. (PI. I, f. 17).

A. testa oblongd, solidd, corritgatd, apice obtuso, anfractibiis

quinque vel sex, longitudinaliter costiilatis, costis transvcrsivi

cancellatis, infra suturas et ad basin nltinii anfractus rubro-

coloratis, aperturd ovali, labro planulato, incrassato.

Long. 275 mill.

Lat. 1-50 „

Hab. Bombay {Abercrombie).

A pretty species of Alvania, being lightly longitudinally

ribbed, with transverse cancellations. Below the sutures

there is a red transverse band, which also shews near the
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base of the last whorl, the lip is roundish-oval, solid, some-

what incrassate and flattened. Several specimens.

Naticina pomatiella, sp. nov, (PI. I, f. 1 8).

N. testa angiistt^ sed profundi' unibilicatd, elevato-conicd,

subpellucidd, albidd,fer^ lanji, anfractibns qninque, adsiituras

canaliailatis, obscure transvcrsini liratnlis, aperturd ovatd,

labro siniplice, apud unibilicum paiilluvi reflexo.

Long. 17 mill.

Lat. 1 2 „

Hab. Bombay {Abercronibie).

:\ curious species, and with the form of Avianropsis

CiDialiculata (Gould). It is narrowly but deeply umbilicated,

and apparently smooth and white, but under a lens the

surface is seen to be very delicately tranversely grooved.

This may be more apparent in a fresh specimen, ours being

rather worn shells. At the sutures there is a deep channel,

the mouth is simple, white within.

One or two specimens ; rare.

Cerithiopsis (Seila) Bandorensis sp. nov. (PI. I, f. 19).

C. testd attoiuatd, hninned, solidd, anfractibus duodecimo

ad apiceni pallidis, transvcrsini quadriliratis, liris rotundis

paiilluni diversis, majortbus niinoribus alterjianttbns, vel

binis cequalibus, tertid niinore, aperturd rotujidd, labro siniplice,

inargine columellari recto.

Long. 7 mill {sp. niaj).

Lat. 2 „

Hab. Bombay {Abercrondne).

A plain brown transversely round-ribbed species, a little

like Tclescopiiini fuscnni in miniature as regards sculpture,

but not so broad proportionately as that species, being

uniformly attenuate. The apex is whitish, whorls about 12,

transverse ribs somewhat varying in size, about four in a whorl.

Rare. Two specimens only.
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CVCLOSTREMA SOLARIELLUM, Sp. IIOV. (PI. I, f. 20).

C. testa ininntA, albescente, teniii, depressd^ profundi

umbilicatd, anf-actibus quatiior, ultimo rapide accrescente,

undiqiie transversim teniii-liratis, infra siituras binis

gemimilaruin ordinibiis decoratis, et ad basiji circa tnnbilicwn

siniili viodo bigeviniulatis, aperturd rotimdo-ovatd, labro

siniplicc.

Long. 0"50 mill.

Lat 1-50 „

Hab. Bombay {Abercrombic).

A very small shell, with some of the aspect of a small

Torinia ; it also to some extent resembles C. Tatei {Angd^s),

from S. Australia, but the double row of gemmules on the

lirae below the sutures, and at the base, around the

umbilicus, distinguish it from that species.

Not uncommon in shell sand.

Surely Cyclostrema is neuter, being instituted by the late

Captain Marryat, R.N., the famous novelist (who added the

study of the Mollusca to his many other accomplishments),

in 1 8 17, as derived from kvkXoq and rpT^fxa. It has been

considered feminine by most writers and authors, including

Captain Marryat himself

SiPHONARIA BaSSEINENSIS, Sp. 7WV., (PI. I, f. 2l)

vS. testa subconicd, oblongd, tenui, la^vi, Jiigrobrtmned,

biradiatd, intus brunned, ad marginem radiatd.

Long. 9 mill. {sp. inajoris)

Lat. 6 „

Hab. Bombay {Abercrombic).

A small subconical plain smoothish brown species,

with biradiate flames round the margin. I had thought

this, of which very numerous examples occur in Mr. Aber-

crombie's collections, must be a young form of some perhaps

well-known species, but I am assured this is not the case,

Mr. Abercrombic having had unusual facilities for studying
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the growth of the species, so very abundant all round the

Bassein and Mahim coasts. Mr. Edgar Smith also concurs

in this view, that it is a mature species, and different

from the many already described, though it presents no

very important salient features.

Raeta Abercrombiei, sp. nov. (PI. i, f. 25).

R. testa pertemii, hyalind, lacted, oblongo-ovatd, postice

rostratd, antice ovatd^gibbosuld, concentrice confertim itndato-

plicatd, tuinescentc, cordatd, uvibonibus parvis.

Long. 23 mill.

Lat. 30 „

Hab. Bombay {Abercrombze).

A most beautiful, delicate, white papyraceous shell,

concentrically closely wave-ribbed, belonging to a small

genus which I do not find has hitherto been recorded from

the shores of Hindostan, though a nearly allied species R.

Grayi (A. Adams) is reported from Borneo. From this

'^qW R. Abercrombiei ^x'^Q.rs in its more close and regular

transverse plications, and the greater delicacy of the shell.

It would be interesting if, in years to come, an intermediate

form between the two were discovered on either the Eastern

coast of India, or in the Malay Peninsula ; it is more than

likely other species of this genus, hitherto so restricted,

will reward the collector. The type R. catialicidata (Gray) is

extremelycommon on the sandy sea coasts of South Carolina,,

and another larger and coarser species R. Californica (Sowb.)

is an inhabitant of the Western coasts of the United States.

R. pidchella (Ad. and Reeve) a very small and delicate form,

occurs in the Eastern Islands, and a few other species have

been described, but are hardly known.

Tellina Kolabana, sp. nov. (PI. I, f 23).

T. testd ovatd, albescentc, soHdiusculd, convexd, latere postico

valde bicarinato, antico oblongo, transversi7n concentrice liratdy
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apiid umbones fere Icsvi, Jiavo tindd, postice asf^erd, tisqne ad

marginevi vcntralein.

Lat. 27 mill.

Long. 17 „

Hab. Bombay {Abercroinb'ie).

A somewhat thickened shell, as T. BaltJiica (L.) ; white,

yellow or orange-tinted at the umboes, convex, distinctly

posteriorly bicarinated, the concentric lirae becoming very

rough and distinct at the posterior angle.

Rare, only one or two specimens.

Tellina (M^RA) LECHRIOGRAMMA, Sp. nov. (PI. I, f. 22).

T. testa albida solidiusaild, donaciformi, postice abbreviatd,

subobliqud, antice elongatd, tmdique concentrice tenui-liratd,

nitidd.

Long. 14 mill.

Lat. 7 „

Hab. Bombay {Abercrombie).

Apparently not uncommon, but mostly in imperfect

condition, half valves only. It is like T. pygmcsa (Phil.) in

shape, but of thicker consistency, pure shining white, very

finely concentrically lirate, posteriorly abbreviate, anteriorly

elongate, with some of the appearance of a Mesodesina or

Donacilla.

Thracia Salsettensis, sp. nov. (PI. I, f. 24).

T. testd pertenui, oblongd, albd, postic6 flexiwso-qiiadratd

etsubrostratd, antice ovato-oblongd, valvd sinistrd snbplanatd,

dextrd co/ivexa, valvis ambabus, prcesertivi sinistrd, plicis

concentricis nndanter snccinctis, postic^ fere applanatis.

Long. 36 mill.

Lat. 52 „

Hab. Bombay [Abercronibie).

A remarkably delicate semi-trapezoid species, of which

numerous single valves were found, but no quite perfect

E
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specimen. The left valve is almost flattened, with a broad

longitudinal depression, inclining posteriorly, almost down

the centre of the left valve from the umbo, the right being

convex. Posteriorly in both valves, the shell is quadrato-

rostrate, anteriorly oblong, the transverse wavy plicae running

concentrically shew this species to belong to that section

of the genus of which at present there are only, including

this new species, four representatives known to me, viz.

:

T. magnifica (Jonas), T. plicata (Desh.), and T. granulosa

(Ad. and Reeve), the former of them being Californian,

the latter Eastern species.

N.B.—The types of all the above mentioned new species

have been deposited in the Mus. Brit., South Kensington.
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1. M^erex [^Ocinebra) Bombayanus (Melv.).

2. Pkiirotoina {Claviis) prcedara (Melv.).

3. Purpura {Straiiwniia) Blanfordi (Melv.).

4. Ricinula [Sislrum) siibnodidosa (Melv.).

5. „ ( „ ) Konkanensis (Melv.).

6. „ ( ,5 ) xut/iedra (Melv.).

7. Engina zea (Melv.).

8. Columbella {Mitrella) flavilinea (Melv.).

9. „ ( 5j ) Eulerpe (Melv.).

10. Marginella {Gibberula) Mazagonica (Melv.).

11. Solaritem {Torinia) delectabile (Melv.).

12. Oscilla tornata (A. Adams, sp. inedit) (Melv.).

13. Pyrgiilma callista (Melv.).

14. Amathis filia (Melv.).

15. Rissoa Versoverana (Melv.).

16. Rissoina {Zebina) applanata (Melv.).

17. Alvajiia Mahimensis (Melv.).

18. Naticina pomatiella (Melv.).

19. Cerithiopsis {Sella) Bandorensls (Melv.).

20. Cyclostrema solariellum (Melv.).

21. Siphonaria Basseinensis (Melv.).

22. Tellina {Mcera) lechriogramma (Melv.).

23. „ Kolabana (Melv.),

24. Thracia Salsettensis (Melv.).

25. Raeta Abercrombiei (Melv.).
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General Meeting, November 29th, 1892.

Professor OSBORNE Reynolds, LL.D., RR.S., Vice-

President, in the Chair.

The Rev. Edward Lee Hicks, M.A., Canon of Man-

chester, Rector of St. Phih'p's, Salford ; and Mr. RurERT

Swindells, M.Inst.C.E., Wilton Villa, The Firs, Bowdon,

were elected ordinary members.

Ordinary Meeting, November 29th, 1892.

Professor A. SCHUSTER, Ph.D., F.R.S., F.R.A.S., President,

in the Chair.

The thanks of the members were voted to the donors of

the books upon the table.

Professor H. B. DixoN, M.A., F.R.S., read a paper

" On the Rate of Explosion in Gases." A discussion

followed, in which Professor REYNOLDS, Dr. BOTTOMLEY,

and others took part.
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Ordinary Meeting, December 13th, 1892.

Edward Schunck, Th.D., F.R.S., F.C.S., Vice-President,

in the Chair.

The thanks of the members were voted to the donors of

the books upon the table.

Referring to the portrait of Mr. Baxendell, which was

again exhibited, and for the purchase of which additional

subscriptions were promised, and to the portraits of deceased

members generally, Dr. BOTTOMLEY pointed out that,without

some published record, there might arise future confusion,

from the fact that in the Council Room of the Society there

were two portraits of George Walker. The largest one repre-

sented the Rev. George Walker, F.R.S., elected a member

in 1798, and president in 1805, who died at Wavertree, near

Liverpool, April loth, 1807, aged 71. The miniature

portrait represented Mr. George Walker, whose manuscript

journal was presented in 1870 to the Society, by Mr. B. H.

Green, through Mr. E. W. Binney, who had occasionally

published extracts from it in the Proceedings, relative to the

importation of cotton. On the miniature, Mr. Walker is

described as one of the founders of the Society, though his

election (Jany. 30th, 1782) was somewhat later than the

date of foundation (Feb. 28th, 1781) stated on the diplomas

of the Society.

Referring to Mr. BroCKBANK'S paper on " The Artificial

Colouration of Plants," Dr. SCHUNCK exhibited a paper by

Professor Auger, of Vienna in which was described, in 1848,

the artificial colouring of plants by taking up mineral

colouring matter, and the consequent injury to the plants.

Dr. HODGKINSON, Mr. Charles Bailey, Mr. Hoyle,

and Mr. ASIIWORTII took part in the discussion.
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Mr. W. E HOYLE, M.A., exhibited Natitilus pompiliiis

(the Pearly Nautilus) and Notoryctes typhlops (the burrowing

marsupial).

Mr. William Thomson, F.R.S.Ed., F.C.S., read a

paper " On the Suspended Impurities in Manchester

Water," relating to the separation of solid matter from the

water by means of a filter of fossil earth. A discussion

ensued, in which Professor REYNOLDS and Dr. SCHUNCK
took part.

Ordinary Meeting, December 27th, 1892.

Charles Bailey, F.L.S.. Treasurer, in the Chair.

The thanks of the members were voted to the donors of

the books upon the table.

Reference was made to the death of Sir Richard

Owen, F.R.S., F.L.S., &c., &c., who was elected an honorary

member of the Society in 1844.

Dr. James Bottomley, F.C.S., read a paper " On a

Method of Integration applicable to certain partial Differ-

ential Equations."

A conversation on various simplified methods of obtain-

ing mathematical, and particularly arithmetical, results

ensued.
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General Meeting, January loth, 1893.

Professor A. Schuster, Ph.D., F.R.S., F.R.A.S., President,

in the Chair.

Mr. W. J. Chadwick, Optician, 2, St. Mary's Street,

Manchester, was elected an ordinary member.

Ordinary Meeting, January loth, 1893.

Professor A. Schuster, Ph.D., F.R.S., F.R. A. S., President,

in the Chair.

The thanks of the members were voted to the donors

of the books upon the table.

A conversation on alternations of temperature on high

mountains followed an inquiry from Dr. HODGKINSON

as to the proper method of treating a consignment of orchids

from an elevation of 9,000 feet in the tropical Andes.

Professor Schuster pointed out that it would be necessary

to know the exact locality before forming an opinion,

as within comparatively short distances there are great

differences in the rainfall on high mountains, as, for instance,

between the northern and southern slopes of the Himalayas,

and great daily variations of temperature.

Professor SCHUSTER alluded to the recent announcement

that black diamonds had been discovered distributed through

meteoric iron, and Dr. Reynolds suggested a relation

between them and apparently analogous formations in cast

iron.
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Ordinary Meeting, January 24th, 1893.

Professor Arthur Schuster, Ph.D., F.R.S., F.R.A.S.,

President, in the Chair.

The thanks of the members were voted to the donors of

the books upon the table.

Mr. F. J. Faraday, F.L.S., called attention to a paper

by Dr. Ferdinand Cohn, read before the Breslau Kaiser-

lichen Leopoldinisch-Carolinischen Akademie der Natur-

forscher on November 15, 1856, and published in Part i,

Vol. XXVI. of the Verhandlmige7i, describing the effects of

lightning strokes on pine trees. The special observations

referred to were that the stroke either attacks the summit

of the tree, or some conspicuous point lower down the

trunk ; that the main current is conducted through the

cambial layer ; that the bark and bast are blown off by the

sudden heating and vaporisation of the moisture in the

cambium cells ; that the stripping of the bark is not

necessarily an indication of the course of the current, but

occurs only in those places where the bark offers the least

resistance to the force of the explosion ; that the splitting

of the tree and stripping of the bark tend to take a spiral

direction in conformity with the spiral growth of the tree
;

that all trees may be struck, but that some are struck more

frequently than others ; and that the effects of the stroke

depend rather on the intensity of the current than on the

nature of the tree. A case was mentioned where a huge

splinter from the summit of a pine tree was found in a cleft

of the lower part of the trunk produced by the same stroke,

indicating that the current passed more rapidly than the

splinter fell.

Professor F. E. Weiss gave an account of Mr. Tonesco's
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recent paper on " The Damage by Lightning to Trees," pub-

lished in the Yahresheft des Vereins fur vaterlandiscJi Natur-

kunde in Wiirtembiirg, 1893. Mr. Tonesco's conclusions are

that the amount of water contained in the wood of various

trees does not cause the difference in liability to be struck,

which is noticeable in trees, but that the presence or absence

of oil in the wood is the chief cause of this difference. Fischer

had shown {PringsheinCs Yahrbuch, 1891) that the reserve

starch contained in the wood is in many trees converted

into oil, which, being a bad conductor, protects these trees

from lightning, which would select those trees which are

the best conductors. Thus beeches, in which oil is present

in large quantities, are very rarely struck by lightning, while

oaks are, perhaps, the most frequently damaged by this

cause. Among the conifers the Scotch fir, in which the oil

disappears in the summer, is more liable to be struck than

the stone pine, in which a considerable oil remains in the

summer. For these reasons trees are worse conductors in

the winter than in the summer, and are also less frequently

injured by lightning in winter thunderstorms than in those

taking place in the summer. The course taken by the

lightning is, as Cohn had shown, along the cambium, which,

containing most water, is the best conductor. The sub-

stratum on which the trees are growing is in no direct

connection with the frequency of injuries by lightning.

The leafy portion of trees, being a bad conductor, is usually

not struck, the lightning striking below the main branches,

but if the leaves have been thoroughly wetted the lightning

often strikes this upper portion of the tree. Dead branches

seem to attract the lightning most frequently, both in trees

which are rich in oil, and such as are poor in that substance.

Dr. G. H. Bailey remarked that pines appeared to be

peculiarly liable to lightning strokes, and Dr. BOTTOMLEY

suggested that this might be a consequence of the pointed

form of the leaves.
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The President (Dr. Schuster) remarked that the oil

and the water theories might be reconciled. Whether a

tree is struck by lightning or not may be determined by

the amount of oily matter it contains ; but once a tree is

struck the discharge will chiefly pass through the moisture,

and the damage will be greatest in those layers which con-

tain the greatest amount of moisture. He also alluded to

communications on the subject made to the Society in

1873 by the late Mr. Baxendell, and to experiments per-

formed at that time by Professor Reynolds to test the

explosive force of small quantities of moisture volatilised

by the electric spark, the results of which were communi-

cated to the Society in the same year.

Dr. James Bottomley read an additional note to his

paper on " A method of Integration applicable to certain

partial Differential Equations."

Dr. Schuster, F.R.S., read the following " Note on

Accurate Weighing "
:

—

"Two methods are generally given to determine the

mass of a body when great accuracy is required. One is

Borda's method of substitution, the other is generally

ascribed to Gauss, and may be referred to here as that of

interchanging weights. The methods, really identical in

principle, are too well known to need further description.

The present note refers to the method of double weighing,

which is above criticism in itself, but the way in which it is

generally explained seems to me to be defective, and the

practice of the method as given in several standard treatises

on practical physics is faulty in so far as it involves one

weighing which is useless, and causes, therefore, loss of

time, which may be better employed in otherwise increasing

the accuracy of the determination. Let M be the mass of

the body required, the operator is instructed to find the

apparent weight when it is placed on one side of the

balance, say P, to repeat the weighing when the body is on
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the other side of the balance (Q), and then if a and b are

the arms of the balance, it is stated that

and hence

M= v/PQ = i(P + Q)

if P and Q are nearly equal.

If the whole balance were perfectly rigid in all its parts,

this deduction would be correct ; but the balances as con-

structed shew a very appreciable bending of the beam, and

it is not correct to assume that the bending is the same on

both sides.

"Now, how is the so-called apparent weight of the body,

when placed on one side of the balance, determined ? The

position of rest of the balance when unloaded is first obtained,

and then with the body in one of the pans that weight is

found which brings the balance back to the same position. It

is the object of this note to point out that the position of rest

of an unloaded balance has nothing to do with the behaviour

of the balance when it is loaded, for the centre of gravity of

the beam and pan may be displaced by the load. The so-

called zero of the balance is a matter of no importance, and

need therefore not be observed at all. If the practice of the

method gives the correct result, it is only because this zero

disappears from the result. Let 0o be the position of rest of

the unloaded balance, and let di be that position of rest to

which the balance will come when two equal masses M are

placed on it, also let W be the weight required to charge

the zero through one division under the given circumstances,

then the quantity called P above would be M-|-W(0i-0o)

and the quantity Q would be M-W(0i-0o). Hence W
would be correctly obtained by taking the arithmetical

mean of P and Q, but the same would be true if we

substitute for the value of 60 any scale division, say

the central one, and the labour of finding do is wasted. The
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sole test of equality of weights is that one may be replaced

by the other without change in the position of rest.

If two weights are interchanged, and the balance vibrates

about the same point, the weights are equal. This suggests

the following method of procedure :—With the unknown

mass on one side, place weights P on the other until the

balance swings about some point not far removed from the

central position, or, better still, about that point at which

previous experience has shown the balance would come to

rest with equal loads of approximately the value of M.

Let 01 be the observed position. Interchange the two

masses without alteration of P. The position of equilibrium

will be slightly different, say 02. It follows that the position

of rest for equal weights is (0i + 02)/2, and ifW is the weight

required to produce a change of one division the required

a _ a

mass of M differs from P by W. ^
^

^
- Whether P is

larger or smaller than M is easily seen from the weighings.

This method has been followed in the Physical Laboratory

of the Owens College during the last two years with good

results. Its accuracy may of course be increased by repeating

the interchange of weights. Sufficient experience has not

yet been gained as to the most accurate way of obtaining

the value denoted by W, The method of interchanging

weights has, as far as I know, been first used in accurate

weighing by Miller in his researches on the standard pound,

and he gives Steinheil as his authority for ascribing the

method to Gauss. But I could find no reference to the

subject in any of Gauss' papers. On the other hand, I have

found a description of the method without its being

ascribed to any particular person in Fischer's PJiysikalisches

WorterbucJi, which was published in 1804. Gauss was then

27 years old, and had already published his famous

Disqmsitones arithmeticae, but as far as the record of his

published researches goes, he had devoted himself altogether
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to the subject of pure mathematics until a much later

period. It seems, therefore, very unlikely that he is the

inventor of a method which probably is much older, but

which curiously was left unnoticed by most writers until

Miller revived its use. In Biot's Traite de Physique,

Borda's method is mentioned as the only one which elimi-

nates the errors of the balance, and similarly Kaemtz

(1839), Lame (1840), Ettinghausen (1845) and Peclet only

refer to Borda's method. If, therefore, it is desired to

attach any name to the method it should be Miller's, who
brought it into general use."
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On a Method of Integration applicable to certain

partial Differential Equations. By James Bottomley,

D.Sc, &c.

{Received December 2jtJi, i8g2.)

In this paper is proposed a method of integration

applicable to certain partial differential equations, which,

possibly, has not been previously noticed, and seems to

have the merit of simplicity, also the advantage of being

applicable to some equations of high order, even where the

general theory belonging to equations of that order has not

been investigated.

The method, shortly stated, depends on the fact that

when a function of several variables is differentiated with

regard to all those variables, the final result is independent

of the order in which these operations are performed ; by

the addition of these identical results to certain partial

differential equations, we obtain equations which admit of

being expressed as equations of lower order. As an example

of the method, consider the equation

—

d\ _ dh .

then the subsidiary equation will be

cVh _ dh
dxdy dydx

'

by addition we get

(2)

cZ%
_l_

_dh_ ^d^ dh
dji? dxdy dy"^ dydx* ' ' • \ /

but each side of this equation is a complete differential,

for we may write it in the form

d (dz
, dz±(d^^dz\^d^rdzdz\^

dx\dx dy) dy\dy dx) '

'
* ^'
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or more briefly in the form

dx ,hr
{^)

wherein v has been substituted for the expression in

brackets in (4).

Hence equation (i) has been reduced in form to one of

the first order. Since u is a function of— and ~, it will be
dx dy

a function of x and j', therefore we shall have the equation

dv= rdx + -j-dy. . . • (6)

Proceeding in the ordinary way, we shall obtain the

equation

v = (p{x + y); . . . . (7)

or by substitution

dz dz , ,

dx'-dy-^^'^y)' •
• • (8)

denoting an arbitrary function. From this equation we

obtain

z = (pi{x + y) + ipo,{y-x) . . . (9)

This method of procedure may also be applied indirectly to

the integration of the equation which has such extensive

physical application :

dh jh
, ^

For X substitute a new variable ^ so that the two are

connected by the equation

s=-a«, . . . • (11)

hence, we have

dz __dz dt, dz dh _ d dz _^d\

dx dE, dx dt,
'

dx^ dx di, dt,^

substituting in (10) we obtain the equation

dh ^dh
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the integral of which has been obtained ah'eady, so that it

is only necessary to make in that equation the substitution

indicated in (ii).

As an example of the application of the method to an

equation of higher order than the second, consider the

equation,

d^ z dh

dx^ dy^' '

' '
* V /

If, then, we differentiate ^ four times, twice with regard to

X and twice with regard toj, since the result is independent

of the order of the operations, the subsidiary equation will be

^^--^-
. . -(14)

hence, by addition,

dh^ dh _ dh^ dh

dx^ dx'^dy^ dy^ dyHx-' '
' \ >

But each side is now a complete differential, for we may
write the equation in the form

d- r<^ ^\^d-rdh dh\

~dx^\j?^d^y~dy^\df'^d?J' • ^ ^

Now assume

dh dh
,
=—•-{

dx^ dy^
(17)

(18)

then (i6) may be written in the form

d^'v _ d^v

dx^ dy'^'

Hence, by this method we have reduced an equation of the

fourth order to one of the second order, and by means of

the equation

-^=— (19)
dxdy dydx^ ^ '

equation (i8) may be presented in the form

±fdv_j^dv\^£rd_v^'dv\
dx\dx dyj dy\dy dxP '

•
\-' >
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and if we assume
dv dv ,^^^

then (20) may be written in the form

^ = ^. (09)
dx d,f' V--;

therefore, by this method we have succeeded in reducing

an equation of the fourth order to one of the first order

;

V will be a function of x and y ; therefore, following the

usual method, the integral of the last equation will be

v = ^i{x + y) (23)

or by substitution from (21)

du dv
, . „

,

;^^7^ = 0i(^ + S'). • • • (24)

Integrating a second time we obtain,

V =
<p,X^j + x) + (l>s(y

- x) . . . (25)

Substituting for v its value given by (17), the last equation

may be put in the form

dh dh
^2 = -

^^^2
+ Hy + ^) + h{y - *) • • (26)

In order to continue the application of the method at this

stage a change of one of the variables must be made

;

assume the equation

^ = v^^4 (27)

By means of this equation we obtain

dh_ d^
dx^- ~di^

• • • ^'^^^

Substituting in (26) we obtain

%=-%- h(y + ^' ~i)

-

<ps{y -^~U) . (29)

The auxiliary equation will therefore be

—-^
didy~ dydV ' ' '

^^^
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and proceeding as before we get the equation

^2 dz

^, + (i^= 04(y + ^0 + 05(y + V - li) + fr,{!/ - J-n) . (31

)

Integrating this equation and substituting for ^ we obtain

finally

z = 07(y + x) + (/)«((/ -x) + (poii/ + sf
- l.x) + 0io(y - J -l.x) (32)

The above method may now be applied to the equation

''^ -''
. .,33)

• (34)

, . (35)

. . (3G)

the integration of which has just been effected ; hence the

integral of {t,t,) will be obtained by writing ax for x in (32).

Next, consider the equation of the order 2""''^

Qfidr •
<-)

The auxiliary equation will be

\Mfyh^\dydxP ' • •
(38)

by addition we obtain

\dx'h + KdMlyJh = \dy')h + \dydx)'^- (3^)

but each side may now be written as a complete differential,

for it may be put in the form
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or assuming

z.^'^^f^, . . . (41)

wc obtain

(^)-(4)i '->
Therefore an equation of the order 2"+^ has been reduced

to one of the order 2". Then by addition to the last

equation of the auxihary equation

we obtain an equation which may be written in the form

or assumnig

_d^''-\
^

d^'-'z,

'''dx^""'^ dy'^'-''

we may write

^/2"".,

(45)

(46)

Therefore by the apph'cation of the method we have

reduced an equation of the order 2""'"^ to one of the order

2"-', It is evident that by the aid of the successive

auxih'ary equations we shall finally obtain an equation of

the first order of the form

dx dy

of which the integral is

-2»+i = «/'i('*^ + y) • • • • (48)

By substitution we should get another equation of the first

order of the form,

dz.n dz
^4-^=./n(a; + 2/), . . .(49)
dx dy
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of which the integral is

z^n^(t>i{y^x)^fly-x) . . . (50)

If we substitute for ^2" the differential expression for

which it stands, we shall obtain a differential equation of

the second order, but by repeated applications of the

method this and all succeeding equations may be reduced

and integrated as equations of the first order in the manner

indicated in the treatment of the equation of the fourth

order (13), and finally we shall obtain as the solution of the

equation (2,7) the expression

where the letters /i, /a . . . /2"+h denote arbitrary functions,

and the letters (>i p2 ps . . • • (>2"+i are the roots of the equation

X-""''-l = .... (52)

The foregoing method may also be used to integrate the

equation

assume the equation

'^ = px .... (54)

where p denotes a root of the equation

x2"+'-a = .... (55)

Then if we differentiate 2"+ times we shall obtain

aRir . •
•(-)

hence by substitution in (53) we shall get

2"+l
/ rf \ 2"+^

(l)RI>
of which the mode of integrating has already been given.

All the equations considered are of an even order, and

on reduction give rise to equations of even order until we
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arrive at an equation of the first order ; but in equation (53),

if for 2"+\ we write ;/^2"+\ where ni denotes an odd number,

there the method may be used to reduce an equation of the

order inT^ to one of the order ;//.

(Additional Note receivedJanuary 2^th, iSqj.)

In the former portion of the paper I suggested, for

reducing and integrating certain partial differential equa-

tions, a method which did not require a knowledge of the

general law of integration of equations of that order. In

this additional note I wish to point out that if in line 12 of

the previous paper we substitute subtraction for addition we

shall still obtain integrable forms. As a particular example

consider (i) and subtract from it (2) then we shall obtain

the equation

dh _ dh _ dH _ dh

dx^ dxdy dif dydx

but this may be written in the form

d rdz _ dz\ ^ _ iJ^/dz _ dz\

ix\dx dy) dy\dx dyfdx

of which the integral obtained in the ordinary way is

dz dz , ,

By means of (8) and the present equation, equation (9)

may be obtained in the usual manner.

Next consider the equation of the 4th order (13); if from

this we subtract the auxiliary equation (14), we obtain a

result which may be written in the form,

dx^^'df'^
^^^^

wherein

_ dH _ dh_
_

d:)^ dy^
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To integrate (57) by the proposed method assume the

equation

4 = ^V - 1
;

then changing the variable (57) becomes

d'^v _ d^v

Wdf'
of which the integral as obtained by the method is

^ = <pi{y + + </'5(y
-

1)

;

or by substitution,

^2-^2-</'4(j' + ^V -\)^<p,{y-x^/ -\). . (58)

Hence by the addition of (58) and (26) we obtain,

2^ = f.(y + «) + h{y - ^ + Uy + ^- ^^ - 1) + <po{y
- «v/ - i;,

and by substraction of (58) from (26) we obtain

Thus we have obtained two integrable equations ; if

m these w

the equation

from these we obtain -^ and -7^, then these values along with

dz ^ dz .

dz = --T-dx + ~i-dy,

will give on integration equation (32).

In previous examples before applying the method, a

change of one of the variables has occasionally been made
;

the method, however, admits of some modification which

renders such change unnecessary. For example consider

the equation



Method of Integration. 87

the letter c denoting some quantity as yet undetermined
;

then by addition we obtain an equation which may be

presented in the form,

d /dz dz\ d/a\Jz dz^

dx\dx dy) ~ f^\ dy dxj'

or as it may be written

dx\dx dy) dy\c dy dxj'

now let c be so determined as to make the coefficients of

^ on each side equal, then the equation may be written in

the form
dv dv

dx-%f (^9)

wherein

_ dz dz

dx dy^

and also

d'

the last equation gives for c, the values -\-a and -a. Inte-

grating (59) and giving for v its value we have

dz dz
I .

-dx^%='^^y^''y^

and substituting for c its two values we have

dz dz ,

dz dz , ,

dx dy ^^^ '

and the rest of the operation may be continued as usual.

The method of integration suggested in this paper admits

of more general application than has previously been con-

sidered, and may be applied to some equations which are

not of the general type already considered. For instance

take the equation

f^_ ^ (Pz

dx^ dy"' dydx
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let the auxiliary equation be

dh _ dh

dxdy dydx

c being some undetermined quantity, if these equations be

added the result may be put in the form

d /dz
^^ ^ d^/dz

^ ^
dz\

dx\dx dy) dy\ dy dxp

or in the form

d ( dz dz\ ,, d / a dz dz\ ,„„

Now let c be so determined that the coefficients of -rdy

on both sides are equal ; this implies the equation

n
c= , '

h + C
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General Meeting, February 7th, 1893.

Professor ARTHUR SCHUSTER, Ph.D., F.R.S., F.R.A.S.,

President, in the Chair.

William Crawford Williamson, M.R.C.S., F.R.S.,

LL.D., &c., Past President of the Society, now of London,

was elected an honorary member.

Ordinary Meeting, February 7th, 1893.

Professor Arthur Schuster, Ph.D., F.R.S., F.R.A.S.,

President, in the Chair.

The thanks of the members were voted to the donors of

the books upon the table.

Mr. Francis Jones, F.R.S. Ed., F.C.S., and Mr. Harry
Grimshaw, F.C.S., were appointed auditors of the Society's

accounts for the current year.

A letter from Mr. Thomas Kay, enclosing slender

filaments of wood from an oak tree at the Wood Farm,

Torkington, near Stockport, the upper portion of which was

shattered into such filaments by a stroke of lightning, was

read.

Mr. C. S. Trapp exhibited a specimen of lead pipe laid

along grass fields many years ago for the conveyance of

water from a spring. The pipe was remarkably eroded on the

under surface, the upper surface and the interior being

unaffected. The erosion was continuous for the length of
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two fields. A discussion on the possible cause of the phe-

nomenon ensued, in which Mr. W. THOMSON, Mr. H.

Grimshaw, and Professor Reynolds took part. It was

suggested that the erosion might be due to the attacks of

rats, to the perforation of a weak point in the pipes in con-

sequence of impurities in the water, and the subsequent

action of running water forcing a channel below, and to

possible galvanic action resulting from contact with matters

in the soil. The apparent absence of erosion in the interior

of the pipe was referred to as evidence against the erosive

action of impurities in the water.

The introduction to Part II. of Dr. W. C. Williamson's
" General, Morphological, and Histological Index to the

Author's Collective Memoirs on the Fossil Plants of the Coal

Measures " was read.

Mr. Harry Grimshaw, F.C.S., read a paper on "Recent

Developments in the application of Iron Salts to the Pre-

cipitation of Sewage." A discussion ensued, in which Mr.

W. Thomson, Dr. G. H. Bailey and Mr. Faraday took

part.

1'^ HEVJYO
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General, Morphological, and Histological Index to the

Author's Collective Memoirs on the Fossil Plants

of the Coal Measures. Part II. By William

Crawford Williamson, LL.D., F.R.S,, &.C., Foreign

Member of the Royal Swedish Academy ; Corres-

ponding Member of the Royal Society of Gottingen,

and of the Queckett Microscopical Club ; Honorary

Fellowof the Royal Microscopical Society of London

;

Honorary Member of the Physical and Natural

History Society of Geneva ; of the Literary and

Philosophical Societies of Manchester, Scarborough,

and Whitby; of the Geological Society of Man-
chester ; of the Geological and Polytechnic Society

of Yorkshire ; of the Union of the Yorkshire

Naturalists, and of the Field Naturalists' Societies

of Liverpool, Scarborough, and Manchester; and

Emeritus Professor of Botany in the Owens College,

Manchester.

{^Received February yth, iSgj^

LIST OF WORKS
ON THE ORGANISATION OF THE

FOSSIL PLANTS OF THE COAL MEASURES,

And General Index to their Contents.

ROYAL SOCIETY SERIES, I. to XIX.
Symbols. Parts.

A. I. Calamites and suggested genus Calamopitus (not subsequently

insisted upon). Figs. l6 and 17 do not belong to Calamites

but to the subsequently adopted genus Astromyelon.

Phil. Trans., 1871.

B. II. Lepidodendion selaginoides, Diploxylon (Corda), Ulodendron,

P"avulaiia, Sigillaria, Stigmaria, Lepidodendroid Cone (?)

ultimately Lepidodendion parvulum. {Aleinoir XVI.)
Anabathra. Phil. Trans., 1872.

III. Lepidodendron brevifolium. (Burntisland form) and its

Lepidostrobus. Restoration of Lepidodendron. Phil.

Trans, y 1872.



92 Dr. W. C. Williamson oh

Syiiihofi. /'arts.

D. 1\^ Lyginodendron Oldhaniium ; Heterangiuin Grievii. Phil.

Trans., 1873.

¥.. V. Asterophyllites with Sphenophylloid axis. Sphenophylluni.

Volkmannia (subsequently Bo\vmanites)Dawsoni, Strobilus

of Asterophyllites (subsequently Paracalamostachys
Williamsoniana ; Weiss) Asterophyllites fruit (subsequently

Palreostachya pedunculata. (See Weiss. Steinkohlen-

Calamarien). Calamostachys Binneyana, Calamites verti-

cillatus. Root of Asterophyllites (afterwards Amyelon).
Phil. Trans., 1874.

F. VI. Rachiopteris aspera (afterwards petiole of Lyginodendron
01dhamium)Rachiopteris01dhamium,Rachiopteris duplex,

Rachiopteris Lacattii, Rachiopteris bibractensis, Anacho-
ropteris Decaisnii. Phil. Trans., 1874.

G. VII. Myelopteris (MeduUosa of Cotta), Psaronius Renaultii, Kalo-
xylon Hookeri. Phil. Trans., 1876.

II. VIII. Rachiopteris corrugata, Fern Sporangia, Gymnosperma;-
Dadoxylon, Gymnospermous Seeds, Lagenostoma ovoides,

Lagenostoma physoides, Conostoma oblonga, Conostonia
ovalis, Conostoma intermedia, Malacotesta oblonga,

Trigonocarpon olivieforme, Hexapterospermun Nciggerathi-

Cardiocarpou anomalum, Cardiocarpon compressum. Car,

diocarpon acutum, Cardiocarpon Butterworthii, Polyptero-

spernium. Phil. Trans., 1877.

I. IX. Astromyelon, subsequently A. Williamsonis, Calamites, Aste-

rophyllites, Lepidodendron selaginoides, Lepidostrobus,

Macrospores, Rachiopteris rotundata, Rachiopteris cylin-

drica, Cordaites (?) epiderm, Lyginodendron (?) anomalum,
Lepidodendroid cortex, Oidospora anomala, Volkmannia (?)

parvula, Lepidodendron Spenceri. Phil. Trans., 1878.

K, X. Arran Lepidodendron, subsequently L. Wunschianum, Lepido-
dendron Spenceri, Heterosporous Lepidostrobus, Calamo-
stachys Binneyana, Rachiopteris insignis. Tylosis,

Rachiopteris robusta, Sporocarpon elegans, Sporocarpon
pachyderma. Sporocarpon asteroides, Sporocarpon
ornatum, Traquaria, Zygosporites (subsequently shewn
to be spores), Dadoxylon, Lagenostoma ovoides, Cardio-
carpon anomalum, Calcisphcera (Radiolaria; of Judd).
Phil. Trans., 1880.

L. XI. Lepidodendron selaginoides, Lepidodendron Harcourtii. (The
plant so named here is now designated L. fuliginosura.

(See Proceedings Royal Society, Vol. XLIL, p. 6).

Sligmarian rootlets. Medullary rays of I/Cpidodendron
selaginoides, Calamostachys Binneyana and C. Casheana,
Fungi. Phil. Trans., 1881.

M. XII. Astromyelon Williamsonis, Psaronius Renaultii, Zygosporites
(in a Sporangium), Calamites, Lepidodendron, Halonia,
Sporocarpon ornatum, Salisburia Adiantifolia. Phil.
Trans., 1881.

N. XIII. Ileterangium Tili^oides, Kaloxylon Hookeri. Phil. Trans.,
1887.

O. XIV. True fructification of Calamites. Phil. Trans., I'S.S^.

^- XV. Rachiopteris Grayii. Rachiopteris Lacattii ; Calamostachys Bin-
neyana, Rachiopteris hirsuta, Rhizonium verticillatum,

Rhizonium reticulatum, Pihizonium lacunosum.
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*). W'l. Lepidodendion fuligino.sum, Lepidodendron muudum, Lepido-
dendron Spenceri, Lepidodendron parvulum, Rachioptetis

iniijqualis. Phil. Tj'ans., 1889.

K. XN'II. Lyginodendron Oldhamium, Bowmaniles (Volkmannia) Daw-
soni, now Sphenophyllum Dawsoni. Calaniites. 1890.

S. XVIII. Bowmanites (now Sphenophyllum) Dawsoni. Rachiopteris

ramosa, possibly R. hirsuta var. ramosa.

T. "On the structure of the woody Zone of an undescribed form
of Calamite." Alemoirs of the Manchester Literary and
Philosophical Society, 3rd Series, Vol. IV., Session 1868-9.

V. "On a new form of Calamitean Strobilus." Memoirs of the

Manchester Literary and Philosophical Society, 3rd Series,

Vol. IV., Session 1869-70.

W "On some Anomalous Oolitic and Palseozoic forms of vegeta-

tion." Royal Institution of Great Britain, Weekly Evening
Meeting, Feb. 16, 1883.

X. "On the relations of Calamites to Calamodendron," with
description of an intermediate form. Memoirs of the

Manchester Literary and Philosophical Society, 3rd Series,

Vol. X,, 1886-7.

Y. A Monograph on "the Morphology and Histology of Stigmaria
Hcoides." Palaontographical Society, Volume for 1886.

Z. "On the Structure and Affinities of some Exogenous stems
from the Coal measures." Monthly MicroscopicalJournal,
Aug. I, 1869.

AA. "On the Organisation of Volkmannia (now Sphenophyllum
Dawsoni).

15B. XIX. Lepidodendron Harcourtii i);'(7;;o'«Z(i'r/', Halonia, Ulodendron,
Lepidophloios, Lepidostrobi, Lepidodendron Spenceri.

Phil. Trans., 1893.

INTRODUCTION.

The publication of Part I. of this Index seems to have

supph'ed a felt want. Hence, I now proceed further with

the experiment by issuing a second part. But experience

has shown that in dealing with some of the larger families,

e.g., the Lycopodiacea;, the scope of the publication must be

enlarged, as well as some slighter alterations adopted. So

far as the latter necessity is concerned, we have an example

in the group of the SphenopJiyllce, respecting which much
additional information has been obtained since the appear-

ance of Part I. It has become necessary to alter the

definition of the genus, so as not only to admit into it my
AsteropJiyllites SpJienopJiylloides {see Part I., p. 12), but also

the genus Boivmanites Dawsoni, as being the fructification
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of some of the true SpJienopJiyllcEisee Nature, No. 1,201, p. ii).

It is obvious that we must now recognise an independent

family of Sphenophyllce,'wh.\ch., having points of affinity with

more than one existing family, exhibits other distinctive

features, which seem to separate it from all the recognised

groups. An extension of my plan is still more necessary in

dealing with the Lycopodiaccce. In my Memoirs I have

given provisional (not specific) names to several types of

Lepidodendroid plants ; but I have not always succeeded in

defining so clearly as is desirable the respective characteristics

of these types. What thus seems to be lacking will be

supplied in this second part of the Index.

The recent discoveries in connection with SpJiejiopJiyllum

make it necessary to regard the lower half of p. 12, the whole

of p. 13, and the two upper lines of p. 14, as transferred to

the present one, under the head of SpJienophyllcB. They

need not be re-printed, but require to have added to them the

memoranda relating to Bozvinanites Daiusoni. M. Zeiller's

observations {see Nature, No. 1 201, p. 11), show that the fructi-

fication described by me under the above name is apparently

that of a true SpJienopJiylluni ; but connecting my discovery

of the peculiar form of its primary tracheal strand, with the

absolutely identical form of the same organ in the vegetative

stem of a SphenopJiyllum represented in Memoirs XVII.,

PI. 15, fig. 19, we see that we have here a very distinct

modification of the SpJienophylloid type. The robustness of

its primary tracheal strand differs conspicuously from the

homologous slender triangles alike of the types figured by

M. Renault and myself ; hence, we have obviously equally

in the stem and the fruit-axis of my Bozvvianites Dawsoni,

what must be regarded as a distinct form of SpJLenophyllum.

This form most probably belongs to some one of the

structureless specimens which have already received specific

names
; but since we cannot at present identify it with any

one of them, I shall, for the present, recognise my stem and

fruit by the name of Sphenophylluvi Daivsoni. Will.
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SPHENOPHYLLyE.

SPHENOPHYLLUM DAWSONL Will.

BOWMANITES DAWSONL Will.

VOLKMANNIA DAWSONL Will.

Vegetative Stem.

Primary Tracheal Strand.

R. -p. 100, PI. 15, Fig. 19a, C.N. 1898D.

Secondary (or exogenous) Xylein Strand.

R.—p. 100, Fig. 19b, C.N. 1898D,

Cortex.

R.—p. 100, Fig. 19c.

Fructip'ication.

Axial Structures of the Strobilus.

Primary Tracheal Strand.

Transverse.

S.—p. 256, Fig. la, C.N. 1049.

Longitudinal.

S.— p. 256, Fig. 4a, C.N. 1050.

Cortex.

Inner Transverse.

S.—p. 256, Fig. la'.

Outer Transverse.

S.—p. 256, Fig. 2b, C.N. 1040B.

Fig. 3b'b", C.N. 1040B. Fig. 9b, 1049A.

Outer Longitudinal.

S.—p. 256, Fig. 4b, C.N. 1050.

• Fig. 8b, C.N. 1058.

Nodal Disks.

Transverse.

S.—p. 256, Fig. 7d, C.N. 1049C.

p. 257, Fig. 2d, C.N. 1049B.

p. 258, Fig. 9d, C.N. 1049A.

Vertical.

S.—p. 256, Fig. 4d, C.N. 1058. Fig. 5d, C.N. 1058.

Fig. 8d', C.N. 1058.

Peripheral Bracts.

Transi>erse.

S.—p. 257, Fig. loe', C.N. 1045. Fig. 2e, C.N. 1049B.

Fig. II, C.N. 1898B.

Longitudinal.

S,—p. 257, Fig. 46, C.N. 1050. Fig. 7e, C.N. 1049C.

Fig. 8e, C.N. 1050. Fig. loe", C.N. 1051.



g6 Dr. W. C. WilliAxMSON on ^

Sporangiophores.

Transverse Sections.

S.—p. 258, Fig. 2f, C.N. 1049B. Fig. 5f, C.N. 1050. Fig. yf, C.N.
1049B.

p. 258, Fig. 8f, C.N. 1050. Fig. loff, C.N. 1051.

p. 259, Fig. 15, C.N. 1898H.

Longitudinal.

S.—p. 258-9, Fig. 4f, C.N. 1050. Fig. 5f, C.N. 1050. Fig. 7f, C.N.
1049B. Fig. 8f, C.N. 1050. Fig. i6f, C.N. 1049B.

Sporangiophoral Trache.i;.

S.—p. 258, Fig. 9f, C.N. 1049A. Fig. I4f, C.N. 1049B.

p. 259, Fig. 15, C.N. 1898C.

p. 260, Fig. i6f'r", C.N. 1049B.

Sporangia.

S.—p. 259-260, Figs. 2g, 4g, log.

p. 260, Fig. 16, C.N. 149B.

Spores.

S.—p. 260, Figs. 17-18, C.N. 1053.

In the index to the plates in Memoir XVIII., the references to the cabinet number of the
specimens figured should be, Fig. 6, C.N. 1049C , Fig. 7, C.N. 1049B ; Fig. 8, C.N. 1050 ;

and Fig. 10, C.N. 1051.

LYCOPODIACEyE.

Lepidodendron, Sternberg; Lepidophlozos, Sternberg; Loniato-

pldoios, Corda ; Sigillaria Brong. ; Sttginaria, Brong. ;

Syringodendron, Steriib. ; Diploxylon, Corda."^

In dealing with this extensive family, I have already

observed that some additions to the plan followed in Part I.

appear necessary. In my Memoirs I have adopted the

plan of giving provisional names to several of the types of

form that I have described, but it must be remembered that

in adopting this plan it is not my intention that these names

should be regarded as specific ones. They are only assigned

* When my Memoir, Part II., was published (1872), I was struggling,

aided only by limited supplies of imperfect material, to grope my way
through the conflicting conclusions of preceding authors. This was especially

the case with the Anabathra of Witham and the Diploxylon of Corda. The
former is but a Lepidodendron. Even in that Memoir I determined that both

these genera " are unmistakeably Lepidodendroid in structure"' (loc. cit., p. 20S).

I have not referred to all the contents of that Memoir in this Inde.x, because

most of the objects described in it are described in much fuller detail in later

Memoirs.
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to facilitate references to certain types of organisation, some

of which may ultimately prove to have a specific value, if

we ever succeed in identifying their respective reproductive

organs ; but meanwhile many of those groups named most

probably embrace several distinct though closely allied

species. On the other hand, intermediate examples are

already known, and more will doubtless be discovered,

tending to unite these separate groups. This latter fact

makes it difficult to define clearly the characteristics of each

of these groups ; hence my definitions, like my names,

can only be regarded as provisional. Meanwhile I have

endeavoured to indicate, in as concise a manner as I am
able, the more prominent features of each group.

Type of Lepidodendron Selaginoides Sternberg ? Lepidoden-

dron vasculare, Binney ; Sigillaria vascularis, Binney ;

Lepidodendron Selaginoides, Camtthers.

Sections of the youngest twigs, including the leaves,

rather thick, -45 of an inch in diameter. Primary central

strand of long isomerous barred Tracheae,* intermingled in

its centre with numerous barred medullary cells. Innermost

Cortex (liber or cambium?) of small celled parenchyma, con-

taining numerous transversely intersected leaf-traces. Second

cortical zone of larger and more uniform cells, with thicker

walls. More externally, a zone of still larger cells, bounded

peripherally by a prosenchymatous zone ; very thin in the

youngest twigs, but increasing to a considerable thickness

as growth advances.

At a very early period an exogenous secondary xylem

strand makes its appearance, commencing at some minute

* For a good illustration of these Trachese see the longitudinal section,

Cabinet No. 376A. I have recently discovered that in the most perfectly pre-

served examples the transverse bars of these tracheae are connected by extremely

delicate paralled vertical threads, like those described on p. 107, as characteristic

of L. Wiinschiaiinni,
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point at the periphery of the primary tracheal strand in

the form of a very small number of barred tracheae, to

the periphery of which additional ones are steadily added,

as well as on each side of the first formed ones, thus

producing a small crescentic group, thickest radially

in its centre. This crescent grows as it commenced,

radially and at each slender horn, until it forms a

perfect ring enclosing the primary tracheal cylinder.

After this the growths are added to the entire periphery,

thus producing an exogenous zone, what in my largest perfect

specimen (C.N. 1922D), attains to a thickness of nearly '2

of an inch ; but in another larger fragment (C.N. 362AA)

reaches '55. The section 1922D, though the periphery of

its prosenchymatous zone has disappeared along with the

more superficial cortical tissues, has a mean diameter of four

inches, what remains of its prosenchymatous zone alone

having a thickness of i"3.

Axial Structures.

Medulla.

B.—p. 199, Fig. la.

L.-p. 285, Fig. I. C.N. 335, Fig. 3, C.N. 339. Fig. 5, C.N. 343.
Fig. 6, C.N. 347.

Composition of Medullary Centres.

B.—p. 199, Fig. 3. Fig. 4. See C.N. 356 and 360.

L.—p. 285, Figs. 3 and 5, C.N. 339, 343 and 376A. See longitudinal
section, 376A.

Primary Tracheal Strand.
The Etui Medullaire of Brotigniart. This is the Primary Xylem of the

Memoirs.

B.—p. 199 and 201, Figs. 3 and 4.

L.—p. 286, Fig. 3, C.N. 339. See also C.N. 367.

Seconday Xylem Strand.*

B.—p. 199, Fig. le.

L.—p. 286 et seq. Fig. 6h, C.N. 347. Fig. 7h, C.N. 363.
'

Crescentic Development.

L.—p. 286, et seq. Fig. 3, C.N. 339. Fig. 4, C.N. 343, Fig. 6, C.N.
347. Fig. 7, C.N. 363.

*This is the Secondary or exogenous zone of the Xylem. I have introduced this new
nomenclature for the first time into the Memoir, Part XIX. (BB) for the purpose of bringing
our nomenclature into unison with that much used on the Continent.
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Medullary Rays.

B.—p. 200, See CN. 361.

I-—P- 337. Fig. 33m, CM. 344. Fig. 34m and 35m, C.N. 350.

p. 338, Fig. 36m, C.jM. 351. Fig. 37mm', C.N. 350.

Barred Tracheids in Medullary Rays.*

L.—p. 294, Figs. 21 and 22, C.N. 262A.

Cortex. Younc; State.

Innermost Cortex, or Liher. ?

I-—P- 337, Fig. 33g, C.N. 344.

L.—p. 2S5, Fig. 2b,b',b", C.N. 337.

p. 286, Fig. 4b. C.N. 343. Fig. 5b. See C.N. 344.

p. 288, Fig. 8b, C.N. 340. See also C.N. 338.

Cortex.

Middle.

L.—p. 285, Fig. 2d, C.N. 337.

Cortex.

Outer.

L.—p. 285, Fig. le, C.N. 335. Fig. 2e, C.N. 337. Fig. 4e, C.N. 343.

Prosenchymatous layer of outer Cortex.

L.-p. 285, Fig. If, C.N. 335. Fig. 2f, CN. 337. Fig. 4ft^ CN. 343.

For yet more advanced states see CN. 363A and B, and 1922D.

Leaf-traces, t

I.—p. 338. Fig. 33m, CN. 344. Fig. 34m, CN. 350. Fig. 35m,
CN. 350. Fig. 36m, CN. 351. Fig. 37m, CN. 350.

L.—Fig. 3 c, CN. 339. Fig. 4 c, CN. 342. Fig. 6 c', CN. 347.
Fig. 7 c, CN, 363. Fig. 8 c', CN. 340.

Leaves.

B.—p. 201. Fig. I, 1". See CN. 335, 336, and 337.

L.-p. 385. Fig. i,g. CN. 335.

Branching.

Equal Dichotomy.

L.—p. 288. Fig. 8, CN. 340.

See also CN. 368 and 370.

Unequal Dichoto7ny.

CN. 338, CN. i922D.t

• Some of these in the larger rays certainly belong to leaf-traces.

tSee also 363B where two lateral branches are given off from opposite sides of the

primary one. These are in all probability bundles going to Halonial tubercles, and indicate

that the fructification was strobiloid as in other Lepidodendra, but this fructification has not

yet been discovered.

tAn object thus named in some of my Memoirs, especially in L where it is seen, marked
g' in figures i, 2 and 4, is now ascertained not to be a large leaf-trace, as formerly supposed,
but an organ not uncommon in the leaves of the Lepidodendra and now named the adenoid.
The history, and illustrations of its relations to the leaves, are given in Memoir XIX. (BB).
See it also in the cabinet specimens 372, 373, 374.
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Type of Lepidodendron brcvifohnu, Williavison, not of

Ettinghansen. Sec Schiuipcr, PaUontologie ve'getaky

Vol. 2, p. 2.

Lepidophloios brevifoluni. Will. C, p. jio.

Terminal twigs extremely slender and very abundant.

The smallest about "oS in diameter, including its leaves.

Primary xylem strand consisting solely of a few barred

tracheids, or with two or three medullary cells in its

interior (C.N. 468 to 472). Diameter of the youngest strand,

•on of an inch, but soon enlarging into a primary tracheal

cylinder with a distinct central medullary cavity occupied

by a medulla in C.N. 487.

Cortex in young twigs of two zones, an outer

prosenchymatous one upon which the young leaves are

planted, and an inner parenchyma. Twigs frequently

dichotomise in a very young state (C.N. 467), when the

xylem strand divides into two equal parts, each one soon

developing into a distinct cylinder surrounding a medullary

cavity. In more advanced growths, but yet comparatively

early, an exogenous secondary xylem strand encloses the

primary one. In my largest section this strand attains to

a diameter of i'3 of an inch, the central medulla being here

*5 broad. These larger branches are rare, and in what we

possess all the cortical tissues internal to the prosenchy-

matous zones have disappeared. The medullary cells in

such branches are in vertical rows, and their leaves approach

those of LcpidopJdoios. In one specimen (C.N. 502), the

secondary xylem strand is detaching a complete segment

to become a strand of the Halonial type.

Young Twigs. Axial Tissues.
Medullary Cavity.

C—p. 284, Fig. 2. See C.N. 466, 467, and 469, and little, if any,
parenchyma existing.

C—p. 284, Fig. I and 3, C.N. 468.

C—p. 285, Fig. 4. See C.N. 479.
C—p. 286, Fig. 8, C.N. 917.
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Meduli,a.

Vertical.

C—p. 28s, Fig. 5, C.N. 487.

Primary Tracheal Cylinder.

Transverse.

Yotmg states seen in all the sections enumerated under the head
Medullary Cavity.

Vertical.

C.-p. 285, Fig. 5, C.N. 487.

Dichotomy (Primary cylinder dividing).

C—p. 291, Fig. 19. See C.N. 484.

Each half of the divided cylinder again become cylindrical

See C.N. 467-486.

Cortex.

Transveise.

C—p. 284, Fig. I, C.N. 468.

Vertical.

C.—p. 285, Fig. 6 and 7, C.N. 477.

Leaves.

Trajisverse.

C—p. 284, Fig. I, C.N. 468.

Vertical.

C.N. 477.

More Matured Stems or Branches.

Medulla.

Transverse.

C—p. 289, Fig. 15, C.N. 492. See also C.N. 489.

Longitudinal.

C—p. 289, Fig. 14, C.N. 491. See C.N, 490.

Pfi.mary Tracheal Cylinder.

Transverse.

C—p. 287. Fig. 9, C.N. 488.

p. 288, Fig. II, C.N. 489.

Vertical. Radial.

C.—p. 288, Fig. 10, C.N. 498. See also 490 and 498.

Scondary Xylem Strand.

Transverse.

C—p. 288, Fig. II, C.N. 4S9. See also C.N. 501-2.

Vertical. Radial.

C—p. 288, Fig. 10, C.N. 498. See also C.N. 490.

Tangential.

C—p. 288, Fig. 12, C.N. 497. Fig. 13, C.N. 495. Fig. 22, C.N. 495.
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Medullary Rays.

Tangential.

C— p. 288, Fig. 13, C.N. 495. Fig. 22, C.N. 495.

Transverse. ^

C—p. 288, Fig. 21, C.N. 503.

Exogenous Growth : Young Tracheids.

C—p. 292-3, Fig. 21, CO. 503.

Dichotomy.

C—p. 291, Fig. 20, C.N. 503.

Halonial form ?

See 502.

Leaf Traces.

Hadial.

C—p. 289, Fig. 10. See C.N. 498.

Tangential.

C—p. 288, Fig. 12, C.N. 497.

Fig. 13, C.N. 495.
Cortex.

Excepting its outermost Prosenchymatous and Parenchymatous Zones
this structure is but imperfectly preserved in the more matured
specimens of L. brevifolium.

C—p. 290, Fig. 9i, C.N. 488. Fig. iii, C.N. 4S9. Fig. 16, C.N. 504.
Fig. 17, C.N. 505. See also C.N. 501.

Leaves. Imperfectly preserved.

Transverse.

C—p. 287, Fig. 9. C.N. 488.

Vertical.

C.—p. 290, Fig. 15a, C.N. 504.

Tangential,

C.—p. 291, Fig. 18, C.N. 506.

The Adenoid Organ seen in C.N. 480 and the Parichnos in 509.

Externalforms.

C.—p. 286, Figs. 31 and 32.

Strobilus,

Several fine examples have been obtained in the Burntisland or Pet-
ticur deposit, and the stratum itself abounds in their microspores.
Hence these reproductive organs may be fairly regarded as
belonging to the only Lepidodendron also equally abundant.

Transverse.

C—p. 294, Fig. 23, C.N. 520.

Vertical.

Microsporangial.

C—p. 295, Fig. 24, C.N. 523. Fig. 25, C.N. 295.

B.B.-p. 26, PI. 8, Fig. 51-52.
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Macrosporangial.

C—p. 296, Fig. 28, C.N. 524.

BB.-p. 26 PI. 8, Fig. 51-52.

Macrospores.

C.—p. 296, Fig. 27X, 28x, C.N.524,

Type of Lepidodendron fidiginosuni. Will ; L. Harcoiirtii of

the Memoirs prior to i88y.

Young branches (C.N. 379) less easily identified than

older ones ; approaching young forms of L. Harcoiirtii,

from which they differ in the absence of the Diploxyloid

leaf-trace characteristic of the latter plant. Young
twigs apparently large ; the smallest yet identified being

"6 of an inch in diameter, including its leaves. Medulla

conspicuously developed even in young growths. The

primary tracheal cylinder large and conspicuous, giving off

great numbers of equally conspicuous, symmetrically

arranged, leaf-traces. The most distinctive zone of the

Cortex is the innermost one, the component cells of which,

especially in the older branches, tend to arrange themselves

in radiating rows. The cells of the more external layers of

small size and very uniform aspect, causing the transverse

sections to assume a remarkably sooty hue, which contrasts

strongly with the brighter, more translucent, aspects of

other allied forms. In many stems of advanced growth we
find in the innermost Cortex, but separated from the

periphery ol the primary tracheal cylinder, a very rudimen-

tary form of secondary xylem strand, and what exists is

arranged in radial lines, symmetrical with those of the cells

of the innermost Cortex ; but these lines are very irregu-

larly distributed, a group of them accumulated conspicu-

ously at one part of the circle, whilst at other parts they are

wholly wanting or only represented by one or two isolated

radial lines. Vertical tangential sections through these lines

of tracheae shew that the perpendicular course is irregularly

undulated instead of their being straight and parallel. Be-
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sides the leaf-traces, larger solid tracheal bundles are given

off as segments from the primary tracheal cylinder. These

appear to be Halonial fructigerous bundles.

Axial Structures.

Medulla. Young State.

Iransverse.

L.—Fig. 9a, C.N. 379.

Matured.

B.—p. 20s, Fig 13a.

L.—p. 289, Fig. 9a, C.N. 379.

Fig. loa, C.N. 384.

Veriual.

B.—p. 205, Fig. 14. See C.N. 1592 E. and 1643.

Primary Tracheal Cylinder.

Transverse.

Young State.

L.-p. 288, Fig. 9, C.N. 379.

Mature State.

L.— p, 289, Fig. 10, C.N. 384. See also 1648 and 9.

Vertical.

B.—p. 206, Fig. 14c. See 1643 and 4.

BB.— 11. 18, Fig. 25, C.N. 396.

Secondary Xylem Strand.

Transverse.

L.—p. 289, Fig. II, C.N. 387.

See also C.N. 1592A and 1648-9.

Vertical.

C.N. 1592B, C, D, and E, not yet figured.

Cortex.

Innerviost Zone. Transverse.

B.— p. 205, Fig. 13d.

L.—p. 289, Fig. iob,b',b", C.N. 384. Fig. iib,b',b", C.N. 384. See
also 1 592A.

Vertical.

B.—Fig. 14 (but not minutely described). See C.N. 1592 C and E.

BB.-p. 18, Fig. 25, C.N. 396.

Middle Zone.

Transverse.

B.—P^ig. I3h.

L.—p. 289, Fig. 10 (upper half), C.N. 384. Fig. 9d, C.N. 379. See

also C.N. 1643-4.
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Outer ZoiNE.

Transverse.

L.— p. 289, Fig. 9e, C.N. 379.

Prosenchymatous Zone.

Transverse.

B.—p. 206, Fig. i3.i.

L.—Fig. 9f, C.N. 379.

Leaf-Traces.

Transverse.

L.—p. 289, Fig. loC, C.N. 384. Sec also C.N. 448k and 1.

Longitiidinal.

L.—p. 290, Fig. loc". See also C.N. 1643 and especially 1646.

BB.—p. 18, Fig. 25d, C.N. 396.

Leaves.

Transverse

.

L.—p. 289, Fig. 9g, C.N. 379.

Tatigential.

See Sections 448 K and L, not yet described, but some of them shew
Parichnos, Leaf-trace, and Adenoid Organ, described in Memoir
XIX. (BB) in L. Harcourtii and Lomatophoios.

Halonial Branches. Some not yet figured or fully described.

B.—p. 223-4.

Transverse.

C.N. 395. _
In this there is a hiatus at each extremity of the oval

section of the primary vascular cylinder. From each hiatus a
large solid vascular Ixnidle has been given off to a Halonial
tubercle ; one tubercle is intersected at the periphery of the
section.

Conversion of the segment of the primary vascular cylinder into a
cylindrical bundle. IJ.— ji. 196.—Fig. 1-8. C.N. 1654-1656-
1658-1659-1661.

Longitudinal.

B.—p. 224. C.N. 396. For figure and further description of this
section see B.B. p. 18, Fig. 25I, C.N. 396.

Additional specimens in the cabinet further illustrating Halonial branch
of L. fuliginosum are C.N. 397 to 401.

Type of Lepidodendron WunscJiiamtvi. Will.—The Laggan
Bay Plant, Arran.

The most interesting of the Lepidodendrons, since we
are familiar with its organisation from its youngest twigs

to its oldest arborescent stems. Youngest twigs long and

pensile, rarely found branched. Diameter of its axis in-
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ternal to its circle of leaves about "3 of an inch. In this

state (C.N. 428) its primary tracheal strand is whollyvascular,

devoid of any medulla, and about '125 in diameter. In

somewhat larger branches (C.N. 436) this primary strand is

enlarged to '16, but still without a medulla. In a yet larger

example (C.N. 434) this bundle has expanded into a primary

tracheal strand, in the centre of which is a medulla, "i in

diameter, surrounded by a tracheal cylinder with a diameter

of '2. It is only when the branches have advanced greatly

in size that any secondary tracheal strand makes its appear-

ance ; no trace of it exists in branches from which not only

the leaves but the sub-foliar prosenchymatous zone has dis-

appeared. I first find it beginning to develop in a branch

(C.N. 450), the entire diameter of which must have exceeded

six inches, whilst it attained its fullest expansion in stems

that were eighteen or more inches in diameter. In these

the secondary xylem strand attains a diameter of fully

27, in which examples the medulla has attained a width

of '5 and the primary tracheal cylinder of p.

The cortex consisted of several layers. The inner-

most one is composed of a small-celled parenchyma,

which encloses numerous leaf-traces, as well as many
small vacant spaces which are transverse sections of

some vertically elongated cavities, conspicuous in longitu-

dinal sections. Externally to this is a broad zone of very

uniform parenchyma, composed of small cells passing

externally into another zone of uniform tissue but com-

posed of cells with thicker walls and of larger size. This is

enclosed in the usual zone of prosenchyma, which, in the

arborescent stems, has attained to a considerable thickness,

having increased with age. We only know the leaves in

their youngest state. They are imperfectly retained in the

section C.N. 434, but they are fairly represented in the

youngest twigs, C.N. 428 to 432. In 428 one leaf especially

exhibits the leaf-trace, the two lobes of the parichnos and
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the adenoid organ. In addition to its ordinary tissues in

the interior of the leaf, the leaf-trace is large and further

surrounded by a number of large, but very short, almost

spiral tracheae, intermingled with the leaf-parenchyma.

The various tracheae of this plant, when well preserved,

exhibit a feature long found, onl}' in a very rare form, from

Yorkshire (L. mundum). But I have more recently dis-

covered it in unusually well preserved sections of Lepidoden-

dron selaginoides and of L. Harcottrtii. The contiguous

transverse bars of these tubes are connected together by

innumerable very delicate parallel vertical threads of great

tenuity.*

My cabinet contains a very well-marked Halonial

branch of L. WunscJiianum, in which the tracheal strands

of the fructigerous tubercles are of the true Halonial type.

Youngest Twigs.

Primary Xylem Strand,

K.—p. 434, Fig. la, C.N. 428.

Fig. 2, C.N. 428.

Inner Cortex.

K. Feebly represented in Fig. 2, C.N. 428.

Outer Cortex.

K. Fig I. Only fragmentary traces in C.N. 428 and 430, binding the

leaves together.

Large Twigs or Branches.

Medulla Still Wanting.

Transver&e.

C.N. 433-

Vertical.

C.N. 433, AandB.

* This is a valuable feature ; being present in the youngest twig (See

C.N. 431) on which there is no medulla, as well as in all the examples in which

the medulla is developed, it becomes an important link in the chain of evidence

demonstrating that all these differences of structure merely belong to the same

plant in its several stages of growth and development. In some cases this

feature is imperfectly preserved ; but that this is due to accident is proved by the

fact that we sometimes find the structure most distinct in one part of a strand,

whilst it has wholly disappeared from another part of the same strand.

II
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Medulla Present.

Transverse.

K.—p. 495, Figs. 3 and 4* C.N. 434.

Primary Xylem Cylinder.

K.—p. 495, Fig. 3 and 4» C.N. 434.

Cortex—Middle. •

K.—p. 495, Fig. 3, C.N. 434.

Medulla.
Vertical.

See C.N. 435 and 448E and 448D not yet figured.

Protozylem.

See 435. The vertical threads of the Tracheids now very conspicuous.

Still Larger Branches.

See C.N. 454 and 456 A. for transverse sections of the medulla,

primary xylem, perfect innermost, and most of the outer middle
cortex, and leaf-traces. The inner middle cortex has disappeared.

For large leaf-traces see 448 A. For vertical sections of the

same specimens, shewing identical tissues, see C.N. 448B. and
C. and D. Another section, 448D., shews the origin and course

of the leaf-traces. C.N. 448F. shews the elongated spaces pro-

ducing the large openings seen in the innermost cortex of 456A.,
an anomalously large branch.

K.—p. 496, Fig. 5, C.N. 450.

Medullary area d. Exogenous secondary xylem i, outer middle cortex e,

prosenchyma of cortex h. This section, though its medulla and
its primary xylem cylinder have a greater diameter than is seen
in much older stems, is nevertheless younger than others yet to

be referred to, as is evidenced by the comparatively rudimentary
state of its secondary xylem strand i.

Matured Arborescent Stems.

These are fully 20 inches in diameter. The only tissues preserved iu

them external to the xylem strand are an external layer of
prosenchyma two Inches thick, which, when perfect, had appa-
rently a much greater diameter.

Primary Xylem Strand.

MedtiUa.

K.—p. 497, Fig. 6d. See C.N. 451 and 452 for the medullary spaces

from which the tissues have disappeared.

Primary Trachael Cylinder.

K.—p. 497, Fig. 6a and 6Aa. See C.N. 451-452.

Secondary Xylem Strand.

K.—p. 497, Fig. 6i and 6Ai. See C.N. 451-452.

Halonial Branch.
Transverse.

M.—p. 466, Fig. 21, C.N. 458.

Primary Trachael Strand.

M.—p. 466, Fig. 2ia, C.N. 458.
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Inner Cortex.

M.—p. 466, Fig. 2ib, C.N. 458.

Outer Middle Cortex.

M.—p. 466, Fig. 2icl, C.N. 458.

Prosenchymatous Zone.

JVI.—p. 466, Fig. 2ie, C.N. 428.

Vascular Bundles to Halonial Tubercles.

M.—p. 467, Fig. 2ifff, C.N. 465.

Fig. 22, C.N. 461. Fig. 23, C.N. 458.

Fig. 24, C.N. 464.

Leaf-Trace. For comparison witii size of Halonial bundles.

M.—p. 467, Fig. 25a, C.N. 465.

Longtitiidinal.

See C.N. 1922A, shewing the vertical thread on the trachete.

C.N. Strobili, probably of L. Wunschianum.
Transverse.

C.N. 437-438.

LongtiUidiiiaL

C.N. 457-

Type of Lepidodendron Harcourtii. Withain.

For many years I failed, in common with most of my
contemporaries, to distinguish between this type and my
L. fuliginoswn. Hence all references to "Z. Harcourtii"

prior to the year 1887 must be regarded as applicable only

to L . fiiliginosum. This error was an easy one, because

young branches of these two types closely resembled one

another. But in fact, after Whitham and Brongniart des-

cribed their original specimen, more than forty years elapsed

before other fragments of the same type were discovered
;

latterly, however, we have been much more fortunate

and the identification of each of the above two types has

become easy. I now possess beautiful examples of both very

young branches of L. Harcourtii invested by their leaves,

as well as one of larger dimensions and more advanced

growth than Harcourt's classic fragment.

In the youngest growths which I possess we have what

appear to be sections of Halonial tubercles (C.N. 1596
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C & E) ; we have the primary xylem strand composed of a

cluster of barred tracheae, but in the centre of which there

may possibly be a few medullary cells ; in my smallest

ordinary twig (C.N, 1596 G) we already find a minute but

well-defined medulla. The tracheal of the primary cylinder,

even in these young states, show the delicate vertical threads

connecting the transverse bars already mentioned as occur-

ring in the tracheae of L. Wnnschianwn. In all these

very young twigs there is but little differentiation of

the zones of the cortex ; in rather older ones we find

an innermost cortex composed of delicate thin-walled

parenchyma (C.N. 38oa-38i). The inner portion of the

middle cortex has entirely disappeared. The thickness of

the cell-walls of the outer-middle cortex increases as we

approach the prosenchymatous zone. This zone commences

as a segment only of a circle, but is soon converted by

lateral extension into a perfect cylinder. In transverse

sections of the more advanced stem this zone projects out-

wards in numerous acute vertically elongated prominences

through which leaf-traces emerge to reach the leaves ; the

bases of these latter organs rest, as usual, upon a thin layer

of cortical parenchyma. Varied sections of the leaves

exhibit the characteristic organs of the Lepidodendroid ty^Q,

having the leaf-trace, the double parichnos, and the adenoid

organ.

What seem to be Halonial tubercles exist in these young

growths, supplied with the large tracheal bundles devoid of

medulla, so characteristic of Halonial and Ulodendroid

appendages.

Medulla.
Transverse.

BB.—p. 3, Fig. la, C.N. 1596A.

p. 7, Fig. 3a, C.N. 380.

p. 7, Fig. 6a, C.N. 380a.

Longitudinal.

BB.— Fig. 26a C.N. 380b.
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Primary Tracheal Cylinder.

Transverse.

BB.—p. 4, 5, Fig. lb, C.N. 1596A.

p. 8, Fig. 3b, C.N. 380.

p. 5, Fig. 5, C.N. 381.

p. 5, Fig. 6, C.N. 380a.

Longitudinal.

BB.— p. 19-23, Fig. 29a, C.N. 1596D.

Cortex.

Inner and Outer Middle.
Transverse.

BB.—p. 7, Fig. Id, C.N. 1596A.

p. 7, Fig. 2dd', C.N. 1596D.

Longitudinal.

BB.—p. 7, Fig. 9d, C.N. 38of.

P- 7, Fig. gA.d, C.N. 38od.

p. 19, Fig. 29d., CN. 1596D.

Prosenchymatous Zone.

Transverse.

BB.—p. 6, Fig. I, e C.N. 1596A.

p. 9, Fig. 3, e', e', C.N. 380.

p. 7, Fig. 4, C.N. 1596A.

p. 7, Fig. 2e, C.N. 1 596A.

p. 19, Fig. 26e, C.N. 380b.

Longitudinal.

BB.—p. 8, 9, Fig.7xx', C.N. 380.*

p. 7, Fig. 9, C.N. 38of.

p. 7, Fig. 9Ae, C.N. 380I.

p. 7, Fig. loe, C.N. 3806.

Fig. 296, C.N. 1596D.

Outer Cortex.

T-ansverse.

BB.—p. 7, Fig. if, C.N, I596A.*

p. 7, Fig. 2f, C.N. 1596A,

p. 9, Fig. 3f. C.N. 380.

p. 19, Fig. 26f, C.N. 380b.

Longitudinal.

BB.-p. 7, Fig. 9, C.N. 38of.

p. 7, Fig. 9Af, C.N. 380I.

p. 7, Fig. I of, C.N. 3806.

p. 19, Fig. 29f, C.N. 1596D,
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Leak-Traces.

Transverse,

BB.—p. II, Fig. 3c", C.N. 380.

p. 9, Fig. 7f, C.N. 380*.

p. 10, Fig. 8, C.N. 1596.

p. 10, Fig. IOC, C.N. 3806.

p. 10, Fig. 12, C.N. 1596A.

p. II, Fig. 13c', C.N. 380k.

Longitudinal.

BB.—p. 10, Fig. 9c, C.N. 38of.

p. 10, Fig. I lab, C.N. 3806.

p. 12, Fig. 19c, C.N. 380m.

Leaves.—Parichnos and Adenoids.

Transverse.

BB.—p. II, Fig. 14, C.N. 380k.

p. 12, Fig. 15, C.N. 380.*

p. 12, Fig. i6c,c", C.N. 380b.

p. 12, Fig. 17c', C.N. 1596B.

p. 12, Fig. 18, C.N., 1596A.

Halonial Arrested Fructigerous Twigs.

Primary Cylindrical Strand.

Transverse.

BB.—p.p. 19, Fig. 26B, 1.', C.I., C.N. 380b.

p. 17, Fig. 27I', C.N. 380a.

p. 19, Fig. 28a, C.N. 380a.

Longtititdinal.

BB.—p. 19, Fig. 29c, b., C.N. IS96D.

p. 19, Fig. 29B,« C.N. 1596D

Type of Lepidodendron mundum. Will.

A new and very small form. My largest specimen, in-

cluding its secondary exogenous xylem, but decorticated, is

only "2 in diameter, and my largest corticated, one without

any secondary xylem strand, only "3 of an inch, whilst my
youngest one (C.N. 405A), including the cortex, is but •033.

The primary xylem strand commences as a solid vascular

bundle of conspicuous tracheids, devoid of medulla ; but

this organ soon makes its appearance in a very minute

form, and composed of extremely small cells ; but both

individual cells and medulla enlarge as the diameter of the
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twig increases. Even in its youngest state the cortical cells

are remarkable for their robustness, and those of the medulla

soon exhibit a similar aspect. In the early growths the

primary tracheal cylinder is composed of a single ring of

conspicuously large tracheids, surrounded by a limited

number of very small peripheral ones ; but in their most

advanced state of growth two irregular rows of these more

conspicuous vessels exist, also surrounded by smaller peri-

pheral ones. This prominence of the small number of older

tracheids constitutes one of the characteristic features

of the type. Another such feature is presented by the indi-

vidual tracheids as seen in longitudinal sections. The

transversed lignified bars on their walls are connected by

numerous delicate longitudinal threads, like those seen in

the tracheids of Lepidodendron Wunschiamiin and L. Har-

conrtii, a distinguishing feature of this diminutive form

which separates it from all others with which it might be

confounded.

These twigs dichotomise at a very early stage of growth.

I have but the one example figured in which a well-

developed secondary xylem strand exists. No traces of

leaves have been discovered on this plant.

Youngest Twigs.

Primary Tracheal Strand Devoid of Medulla.

Q.—p. 197, Figs. 7 and 8, C.N. 408.

Cortex, Outer.
Q.—Fig. 7, C.N. 408.

More Advanced Growth. Primary Tracheal Cylinder and Medulla.

Transverse.

Q.—p. 197, Fig. 9, C.N. 406. See also 405A. Fig. 10, C.N. 416C
Fig. II, C.N. 405. Fig, 12, C,N, 413.

Longitudinal.

Q.—p. 197, Fig. 13, C.N. 414. See also C.N. 415.

Cortex.

Inner Tratisverse.

Q.—p. 197, Fig. 12, C.N. 413. See also C.N. 411.

Inner Longitudinal, C.N. 415-

Q.—p. 197, Fig. 13, C.N. 414.



114 Dr. W. C. Williamson on

Middle Transverse.

C.N. 405.

Middle Longitudinal.

C.N. 416.

Outer Transverse.

Q.—Fig. 7, C.N. 408.

Outer Longitudinal,

C.N. 414 and 415.

Tracheids.

Lons^itudinal.

Q.—p. 197, Figs. 14A, and 14B, C.N. 414 and 415.

Dichotomy.

T7-ansverse.

Q.—p. 198, Fig.14, C.N. 412. See also 416a.

Exogenous Secondary Xylem Strand.

Q.—p. 198, Fig. 15, C.N. 416b.

Type of Lepidodendron Spenceri, Williamson.

A small and rare Lepidodendroid form, which exhibits so

many peculiarities in its fructification that it may possibly

be necessary sometime to make it the type of a new genus.

I have only obtained a few specimens at a time, with long

intervening intervals ; hence the notices of the type

scattered through several Memoirs have been imperfect and

unsatisfactory. These notices will be found in Memoirs IX.,

X., XVI., and XIX. But the plant is most distinct, and

though our knowledge of it is yet far from complete,

what we do know being probably only its young state,

it is now very coherent as far as it goes ; hence I propose

to extend this description of it to a greater length than has

seemed needful in the case of the other types.

Its vegetative features are largely those of a young

Lepidodendron. My specimens don't exceed a mean of

10 mm. in diameter, and the only one which has attained

that size is a strobilus, including its sporangiophores

and sporangia. None of my vegetative twigs exceed

4 millimetres
; but they may have had a more external

cortex than I have yet discovered, and their well-defined
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leaf-traces demonstrate that they possessed leaves in some

form.

My early difficulties in the interpretation of my limited

series of specimens arose from a fact I was then ignorant of

I now know that the structure of the axile primary tracheal

strand is polymorphic. We appear to possess it in four con-

ditions.

In type A the strand appears to consist wholly of barred

tracheids ; no trace of a central medulla being visible. This

condition is seen in my cabinet specimens of vegetative

twigs, 419b, No. I,* 419b 2, 419b 3, and in the strobilus

624c and 627.

In type B the primary tracheal strand approaches

closely to A, but in its centre there is a small number of

thin-walled structures, which appear more like cells than

vessels. See the twig 419 b4.

In type C we now find a perfectly distinct medulla,

enclosed within a primary tracheal cylinder, composed of

fully-matured and uniform barred tracheids. See twigs 624e,

624f, and a similar one in 6i9f, but from which latter the

medulla has disappeared. The Strobili 624, 624a, 624f,

624g and 626 have similar medullse.

The type D is the most interesting. The periphery of

the primary tracheal cylinder consists, as in C, of fully-

developed barred tracheids. The centre is occupied by very

thin-walled vertically elongated cells of a strongly-marked

pro-cambial aspect ; but at the zone of contact of these two

peripheral and central tissues we have an unmistakeable

form of spiral Protozylem. These conditions appear in the

twigs 419c and 4i9e, and in the Strobilus 424b.

Of the innermost cortex no trace remains. In most of

the transverse sections a thin ring of the middle cortex

surrounds the primary tracheal cylinder at a little distance

from it. In some cases (C.N. 4190 we find this zone in

• There are four stems in this shde severally marked i, 2, 3 and 4.
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absolute continuity with the more external Cortex. In

longitudinal sections this zone pursues a somewhat

undulating course, touching the periphery of the Tracheal

cylinder at points where leaf-traces are originating (C.N.

419c), and at others uniting with the inner edge of the

outer Cortex (C.N. 4i9e).

Sometimes the latter is an uniform parenchyma com-

posed of rather thin-walled cells (C.N. 627), but in one

longtitudinal section (C.N. 4i9e) this undulating inner zone

is almost continuously united to the outer one by a mass

of loosely aggregated cells, the entire structure being con-

spicuous for the coarseness of its tissues and the thickness

of the cell-walls.

In transverse sections of the vegetative twigs, the

periphery of the cortex has an undulating outline, with here

and there small projecting points, that may possibly have

been the bases of leaves. In such sections a characteristic

feature of the plant is seen in this outer cortex, viz. : a circle

of large dark-coloured areas alternating with lighter bands

that separate them (See Memoir XVI., Fig 19, i", i"). This

feature scarcely reappears in the sections of the Strobili
;

Slightly so in C.N. 627.

I have long had a conviction that the remarkable

Strobilus represented on Figs. 38 to 57, Plate 22 of my
Memoir I., belonged to L. Spenceri, and the fortunate

discovery by my friend Mr. Lomax of the specimen

C.N. 642e, figured in Memoir B.B., Figs. 41 and 42, proves

the correctness of my hypothesis.

The characteristics of the Strobilus are even more

strongly individualised than are the vegetative twigs. As

already shewn, the axial structures are virtually identical in

the twigs and the fruits, with the single difference that the

leaf-traces of the former supply the sporangiophores of the

latter. Each sporangiophore (loc. cit. fig. 24) supports a

single more or less spherical sporangium. The contents of
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each sporangium are most characteristic and unique. In

its young state it appears to me that each sporangium has

developed in its interior a number of cells which, collectively,

seem to have been the representatives of an Archesporium.

Each of these archesporial cells seems to have developed a

cluster of apparently four daughter cells, which were spor-

angiferous. But only one of each of these clusters has

come to maturity ; the result being that in every instance

we find a single spore surrounded by three, possibly more,

sterile sister cells (see Memoir I., Fig. 57, C.N. 631, and

Memoir B.B., Figs. 43-44, C.N. 6246). Each spore has a

diameter of about 1*4 mm.

As already remarked, no traces of leaves or of branch-

ing specimens have yet been discovered. That leaves of some

kind have existed is clear from the presence of numerous

leaves-traces. Hence a suggestion made in my Memoir

Q.—p. 199, apparently continues to be true.

Vegetative Organs.

Primary Tracheal Cylinder.

Transverse Sections.

Medulla.
BB.—Fig. 41, C.N. 6246. Medulla absent from some sections, e.g.y

C.N. 419b.

Primary Tracheal Cylinder.

Q.—p. 199, Fig. 19a, C.N. 419b. Medulla absent from this twig.

Sporangiophores.

I.—p. 340, Fig. 53c,c',c",c"', C.N. 626.

I.—p. 340, Fig. 54c', c", C.N. 629.

I.—p. 340, Fig. 55c',c", C.N. 631.

I.—p. 340, Fig. 56c',c". See C.N. 624b.

K.—p. 501, Fig. lie, C.N. 624.

BB.—p. 25, Fig. 5oe,e', C.N. 624b.

Sporangia.

I.—p. 341, Fig. 53d, C.N. 626.

I.—p. 341, Figs., 55d and 57d, C.N. 636.

I.—p. 341, Fig. 38.

K.—Fig. lie, C.N. 624.

BB.—p. 25, Fig. 5of,f',f", C.N. 624b.
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Spores.

I.—pp. 341-3, Figs. 39a to S2a.

I.—Fig. 57g,g,g, C.N. 631.

BB.—p. 25, Figs. 43a, 44a, 45a, 47a, 48a,49, C.N. 6246.

Longitudinal Sections.

Medulla.
Q.—p. 199, Fig. 22a", C.N. 419c.

Primary Tracheal Cylinder.

Q.—p. 199, Fig. 2ia, C.N. 419c.

Q.—p. 199, Fig. 22aa"', C.N. 419c.

Leaf-Traces.

Q.—p. 199, Fig. 2ia, C.N. 419c.

Q.—p. 199, Fig. 22a', C.N. 419c.

Strobilus.

Primary Xylem Strand.

Transverse Sections.

Medulla.
K.—p. 502, Figs. Iia and 12a, C.N. 624. See also 6246.

Primary Tracheal Cylinder
K.—p. 502, Figs. lib, 12b, C.N. 624. See also 624e.

Longititdiital.

BB.—p. 25, Fig. 50b, C.N. 624b.

Cortex of Twigs and Strobili.

Middle. Transverse Sections,

K.—p. 501, Figs, iicand I2cl, C.N. 624.

Q.—p. 199, Fig. I9e, C.N. 419b.

Outer.

I-—P- 347, Fig. 53b, C.N. 626.

K.—p. 501, Fig. I id, C.N. 624.

Q.—p. 199, Fig. I9f,f',f",f"'. p. 199, Fig. 20, C.N. 419b.

Longitudinal Sections.

L—p. 341, Fig. 54b, C.N. 629. Fig. 55b. Fig. 56b, C.N. 631.

BB.—p. 25, Fig. 50c, C.N. 624b.

Type of Lepidodendron hitermediiivi. Will.

This very rare form, of which I have seen but two

examples, has some features which ally it with L.

fuliginosuiii and others in connection with L. selaginoides.

It closely resembles the latter type in the intermingling of

its innermost tracheae of the primary xylem strand with
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the medullary cells ; a very distinct feature, which, with

this exception, I have only seen in L. selaginoides. On the

other hand, it resembles L. fuliginosum in the small size,

and the tortuous and irregular vertical arrangement of the

tracheae of its secondary xylem strand. This combination

of the characteristics of two such extremely distinct types

makes this plant a very interesting one. Its cortex

approaches nearest to that of L. selaginoides. The diameter

of the perfect twig is about "5.

Tra7isverse.

Q.—p. 198, Fig. 16, C.N. 417 ; see also 418.

Longitudinal.

Q.—p. 198, Fig. 17, C.N. 419.

Type of Lepidodendron parvidiini. Will.

This type is only known in the form of slender twigs,

which rarely exceed 'i of an inch in diameter. Its principal

characteristic occurs in its cortical tissues. Though so small,

it has a distinct medulla, surrounded by the usual primary

tracheal cylinder. The innermost cortex has disappeared

from all my specimens ; but a narrow cylinder of a middle

cortex is always preserved, as is also the external one, with

its periphery of leaves. The inner border of this outer

cortex is characterised by forming a broad zone of circular

loops or arches, the bases of the radiating pillars of which

blend with the middle cortical ring. When perfect, each of

these arched areas is filled with a distinct thin-walled

parenchyma interposed between the middle and the outer

layers of the bark. In one series of six sections of the same

branching twig, we trace the usual dichotomy of the primary

tracheal cylinder from its normal condition of a single ring

through the various stages of development, first into two

semicircular halves, up to the point where each half has

developed into the perfect primary tracheal cylinder of a

separate branch.
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Transverse.

Medulla.

Q.—p. 200, Figs. 23, 24, and 25, C.N. 420 to 425.

Primary Tracheal Cylinder.

Q.—p. 200, Figs. 23, 24, C.N. 420-421.

Q.—p. 200, Fig. 25. C.N. 422 to 426.

Q.—p. 200, Fig. 23-24-25, C.N. 420, 421, 424.

Special Cells in the circular loops.

O.—p. 200, Figs. 25e' and 27, C.N. 425.

Tjpe of Lepidodendron niacropJiyllinn. Will.

A very rare form, of which not more than two specimens

(possibly only one) has been discovered. The plant was

described by Mr. Carruthers in January, 1872, at a meeting

of the Royal Microscopic Society, and I figured it in a

Memoir presented to the Royal Society in February of the

the same year (C. Fig. 35). In its general features it

approximates to the type of L. Harcourtii, but is dis-

tinguished by the structure of its leaf-traces, by its more

robust character, and most of all by the large size of its

leaf-sections. Mr. Carruthers described it as having no

medulla—but this is a mistake. He also thought that its

leaf-trace divided into two. But at that date we were all

alike ignorant of the true structure of Lepidodendroid

leaves. The apparently divided leaf-trace is really the

leaf-trace, plus one of the lobes of the double paricJinos.

There is also an adenoid organ present.* Though this is

obviously a distinct form of Lepidodendron^ additional

examples, affording further information respecting it, are

much to be desired. Like the rest of its tissues its leaf-

traces are remarkable for their robustness.

Medullary Cavity.

C- . 298, Fig. 35, C.N. 377.

• For these terms see the Memoir XIX, i.e. B.B.



TJie Fossil Plants of the Coal Measures. 121

Primaiy Tracheal Cylinder.

C—p. 298, Fig. 35c, C.N. 377.

Outer Cortex, with leaf-traces and leaves, two of the latter with

parichnos, and one apparently with an adenoid organ.

C—p. 298, Fig. 351, C.N. 377.

Type of LepidopJdoios.

Lepidophloios, Sternberg; Lomatophloios, Gosppert.

A group of Lepidodendroid plants, which only differ from

Lepidodendron in the shapes of the leaf-scars left by the

deciduous leaves. The transverse diameters of these scars

exceed the vertical ones ; the reverse of what occurs in

Lepidodendron.

LEPIDOPHLOIOS. ULODENDROID OR IIALONIAL BRANCHES.

Cortical Surface.
p. Fig. 25A, C.N. 649B.

Medulla.

B.—Transverse, p. 209, Fig. 26A, C.N. 646.

BB.— ,, p. 20, Fig. 30a, C.N. 1955.

B.—Longitudinal, p. 209, Fig. 25a, C.N. 645.

Primary Tracheal Cylinder.

B.—Transverse, p. 209, Fig. 26c, C.N. 646.

BB.

—

,, p. 20, Fig. 30b, C.N. 1955.

B.—Longitudinal, p. 209, Fig. 25c, C.N. 645.

Cortex.

Middle,

B.—Transverse, p. 209, Fig. 241, C.N. 646.

BB.— „ p. 20, Fig. 3od, C.N. 1955.

B.—Longitudinal, p. 209, Fig. 27i, C.N. 645.

Prosenchymatous Zone.

B.—Transverse, p. 210, Fig. 24k, C.N. 646.

Longitudinal, p. 210, Fig. 27k, C.N. 645.

BB.—Transverse, p. 20, Fig. 306 and 30A, C.N. 1955.

,, p. 21, Fig. 3ie, C.N. 1995.

,, p. 21, Fig. 32e, C.N. 1956.

p. 22, Fig. 35e, C.N. 1946.

LF.AVE.S.

B.—Longitudinal, p. 210, Fig. 271,1', O.N. 645.

Transverse, p. 210, Fig. 241,1', C.N. 647. Fig. 28, C.N. 647.

BB.— „ p. 21, Fig. 30, C.N. 1955, Fig. 31, C.N. 1955.

p. 21, Fig. 32, C.N. 1956, Fig. 35, C.N. 1946.

BB.—Longitudinal, p. 21, Fig. 33, C.N. 1962, Fig. 34, C.N. 1963.
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Parichnos.

BB.—Longitudinal, p. 21, Fig. 3igg, C.N. 1955, Fig. 32gg', C.N. 1956

p. 21, Fig. 34g, C.N. 1963.

p. 22, Fig. 35gg, C.N. 1946.

BB.—Transverse, p. 22, Fig. 36g' C.N. 1971

p. 22, Fig. 37gg, C.N. 1973.

Leaf-Trace.

BB.—Transverse, p. 22, Fig. 36c, C.N. 1971, Fig. 37c, C.N. 1973.

Oblique, p. 21, Fig, 32c, C.N. 1956.

Longitudinal, p, 21, Fig. 31c, C.N. 1955, Fig. 33c, C.N. 1962.

p. 23, Fig. 35c, C.N. 1946, Fig. 38c. C.N. 1957.

Adenoid Organ.
Transverse, p. 22, Fig. 37h, C.N. 1973.

Longitudinal, p. 22, Fig. 33h, CN. 1962.

Fructigerous Tubercles,

Transverse, p. 23, Fig. 39, C.N, 1976.

p. 23, Fig. 40, C.N. 645D.

HALONIA & ULODENDRON.

It has long been obvious that these two terms represent

objects that have no claim to generic rank. They are

merely fructigerous branches of other genera.

For a detailed account of them, see Memoir XIX.

(BB.)pp. 13, 14, 16, 17.

BB.—p. 16, Fig. 23. A Halonial branch of large dimensions, and in a

very advanced stage of growth, but retaining the form which
it assumed when a very young twig. Museum of the Owens
College, Manchester.

BB.—p. 14, Fig. 24. A rather younger Halonial branch, with the

cortex A preserved on the side A embedded in the sandstone
matrix.

BB.—p. 14, Fig. 22. A young decorticated Halonial branch with the

rows of tubercles C arranged in two opposite rows as in most of

the Ulodendroid forms. C.N- 649A.

BB.—p. 14, Fig. 25A. Part of a branch of a Lepidophloios with the

Ulodendroid fructigerous scars and tubercles arranged, like the

smiilar tubercles of some Halonial forms in numerous vertical

rows and in close mutual contact. C,N. 649B.

LEPIDOSTROBI.

Some of those figured in Memoir XIX. have already

been referred to in connection with the types to which they
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appear to belong. But there are others which have not

been identified with a corresponding degree of probabiHty.

BB.—p. 16, Fig. 26A. Branch of a Lepidodendron, with a Lepidos-
trobus, b, still attached to its arrested lateral branch a'. The
Museum of the Owens College.

BB.—p. 17, Fig. 27A. A Lepidostrobus attached to the extremity of

a long primary twig. Museum of the Owens College.

BB.—p. 26, Figs. 53 and 54. Two Lepidostrobi in the British Museum.

BB.—p. 27, Figs. 55 and 56. Lepidostrobi in the collection of the

British Museum.

HOMOSPOROUS.

BB.—p 27, Fig. 57. Lepidostrobus, C.N, 1614.

BB.—p. 27, Fig. 58. Homosporous (?) Lepidostrobus, C.N. 56S,

BB.—p. 27, Fig. 59. Centre of Fig- 58. Further enlarged,

BB,—p. 27, Fig. 60. A bundle equivalent to a leaf-trace going to a
sporangiophore of Fig. 58.

BB.—p. 27, Fig. 61. A partly tangential of the Strolsilus 58, C.N.
574-

BB,—p. 28, Fig. 62. A restored vertical section of part of the Strobilus,

Figs. 58 and 61.

BB.—p. 28, Fig. 63. Transverse section of a fragment of a Heteio-
sporous Lepidostrobus, C.N. 587A.

BB.—p. 29, Fig, 64, An obliquely vertical section through a young
Strobilus, C.N, 577,

THE SIGILLARIyE.

Few types of fossil vegetation have been the subjects

of so many changes, and occasioned so much discussion, as

this one has done. At an early period the group appeared

to be a well-defined one, though opinions varied widely as to

the living plants they were supposed to represent. But

unfortunately a specimen which fell into the hands of

Brongniart became a veritable apple of discord. That

author had already described the Lepidodendron, which, as

mentioned on a previous page, had a medulla surrounded

by a primary vascular cylinder, and which feature he

regarded as typical of the Lepidodendra. In this newly-

acquired fragment of a Sigillaria he found this primary

tracheal cylinder surrounded by a secondary xylem strand.

He somewhat hastily concluded that the first of these two

J
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conditions indicated a Cryptogamic plant and the second a

PJianerogani. The conflicts of opinion to which these two

conclusions led have been referred to on a previous page.

The essential characteristics of the two groups now became

one of internal organisation rather than of external contour.

The end of all this has already been explained in the

introduction to the Lepidodendra. The Sigillarice are now

reunited with the Cryptogams, and the essential distinction

between them and the Lepidodendra again becomes one of

external contour. The group, as now generally recognised

is restricted to the genus Rhytidolepis of Sternberg and

Brongniart's genus Favularia—the two representing the

Sigillarice verce of that author, combined with the smaller

division of the Leioderniarice of Goldenberg.

From the magnitude of these trees, and their vast

numbers, they must have been a conspicuous feature of the

Carboniferous forests
;

yet it is a remarkable fact that

extremely few fragments of them have hitherto been dis-

covered in which their internal structure is preserved.

Brongniart himself obtained and described one such frag-

ment of Sigillaria elegans* and at a later period MM.
Renault and Grand Eury described another, Sigillaria

spinulosa.\

In 1 87 1 I obtained two fragments, one of the iv?t'?//rtr/rt//

type and the other a true Rhytidolepis, both of which I

figured and described in my Memoir II. They both proved

to be portions of the cortex, only one of them extending

inwardly beyond the prosenchymatous zone. The cortex of

each corresponded exactly with that of the Lepidodendra,

and in the Favtilarice, though not well preserved, we see

distinct evidence of a medulla enclosed within a primary

tracheal cylinder. In no single feature did these sections differ

•Archives du Museum D'Hist. Nat. Vol. I. (1S39) p. 406.

t Memoirs presentes par divers savants a I'Academie des Sciences de I'lnsti-

tut National de France, Tome XXIL No. 9.



The Fossil Plants of the Coal Measures. 125

from the Lcpidodcndroid type. Besides these I subsequently

obtained three other fragments; one of SigillariaReniforviis,

of which a part of the primary tracheal cylinder is preserved

(C.N. 651-652), along with a corresponding portion of its

secondary xylem strand. A second one was of the

RJiytidolarian type. The third was a Szgillaria, also belong-

ing to Brongniart's i^igillarce verce. Tangential sections

of this specimen shew clearly (C.N. 662) the transverse

sections of the leaf-trace and its two vertically elongated

parichnoid organs. The transverse section of the tracheal

cylinder (C.N. 651) is important, because it is identical with

a perfect cylinder in my cabinet detached from its cortical

structure, and figured in Memoir II., fig. 33. This cylinder

consists of a primary tracheal cylinder enclosed within a

secondary xylem strand one—the line of junction between

the two being a crenulated one. This corresponds with

what Brongniart found in his '' Sigillaria Elegans" (really

8. Menardii), as also did M. Renault in his ^. spinulosa.

In addition to these few examples Mr. Carruthers has

long had in his possession a similar specimen in which

the cortex and the two central tracheal structures are

excellently preserved.

SIGILLARIA.—FAVULAKIAN TYPE,

Vertical Section.

Medulla.

B. —p. 211, Figs. 29 and 31a, C.N., 684.

Primary Tracheal Cylinder.

B. —p. 211, Fig 3id., C.N. 684.

Cortical Pkosenxhym.e.

B-—p. 211, Fig. 29dd,* Fig. 3ig., Fig. 32k, C.N. 684.

Fig. 30k {transveise) C.N. 685.

Outer Cortical Parenchyma and Leaf-Cushions.

B.—p. 211 {longitudinal). Fig. 32I, C.N. 684.

p. 211 ( transverse). Fig. 30I, C.N. 685.

Leaf-Cushions and Strobiloid Scars, Tangential.

B.—p. 211, Fig. 58, C.N. 678.—A cast.

* The left-hand d should point a little further to the left. It now points to some
Tracheids of the primary cylinder.
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Type of Rliytidolepis.

Cortical Layers.

B.—p. 213, Fig. 39. Exterior surface of the Cortex.

Prosenchymatous Zone.

B.—Transverse. p. 212, Figs. 35-36, See C.N. 659,

,, p, 213, Figs. 40 and 41. See C.N. 653.

Longitudinal, p. 213, Fig, 42i, k. C.N. 654.

Outermost Parenchyma and Leaf Cushion.

B.—Transverse. p, 212, Figs. 35 and 36. See C.N. 659.

,, p. 213, Figs. 40 and 41, See C.N. 653,

Longitudinal, p. 213, Fig. 42I.

Leaf-Trace,

B.—p. 214, Fig. 42m, C.N. 464.

For tangential sections of the cortical prosenchyma shewing tranverse

ones of these leaf-traces with pairs of parichnoid organs, see

657 and 662,

Type of Sigillaria Renifonnis, not yet figured or described.

C.N, 651, transverse section across two of the longi-

tudinal cortical ribs shewing the inner prosenchyma and

the outer parenchyma of the leaf-cushion. Within this is

a transverse section of a portion of secondary xylem strand

and the primary tracheal cylinder. These shew very

clearly the undulating line of junction between the two,

already referred to as being apparently a feature of at least

some of the Sigillarice. At the exterior of the secondary

xylem there is a very distinct young zone of secondary

exogenous growth. C.N. 652 shews two of the long

cortical ribs with sections of leaf-traces—but no trace of

adenoid organs. In the centre is a longitudinal section of

the secondary xylem strand with vertical rows of medullary

rays between the tracheae.

STIGMARIA.

That Stigmaria ficoides is the root of various species 01

Lepidodendron and Sigillaria is now well known, though

there appear to be forms of Stigmaria found in France

which differ from the English type in the number of the
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sub-divisions of each root, beside some other obscure

features respecting which the descriptions are vague and

somewhat conflicting. The results of early observations

are given in Memoir II. (B).

B,—p. 216, Fig. 53, a diagrammatic restoration of a root and rootlets.

See also in C, fig. 37, a diagram illustrating the relations of the

tissues of the stems to those of the Stigniarian roots and rootlets.

Medulla.
B.—Transverse, p. 216, Fig. 37a.

Longitudinal, p. 216, Fig. 43a.

Xylem.—This is only a prolongation of the secondary xylem strand of the

aerial stem ; the primary tracheal cylinder not being prolonged into the

roots.

B.—Tangential, p. 216, Fig. 48.

Longitudinal, p 216, Fig. 43e , Fig. 446.

Transverse, p. 217, Fig. 476, 5ie.

Primary Medullary Rays.

B.—Tangential, p. 216. Fig. 48f'.

Transverse, p. 217, Fig. 47f
,

Vertical radial, p. 217, Fig. 43f', Fig. 44f.

Secondary medullary rays, p. 217, Figs. 45f and 46.

Cortex.

Innermost zone.

B.—Longitudinal, p. 218, Fig. 44g, 49g.

Prosenchymatoiis zone.

B-—Transverse, p. 218, Fig. 52k, 51k.

Longitudinal, p. 218, Fig. 50.

Outermost Cortex.

B.-—Transverse, p. 219, Fig. 51k. Fig. 52I.

Rootlets,
B.—Longitudinal, p. 219, Fig. 5ioo, 5200.

K.—Transverse, p. 292, Figs. 13 to 20.

Origin of Rootlet Bundles.

B.—p. 216, Fig. 44n. Fig. 47n.

For more complete detailed descriptions of Stigmaria

consult my Monograph Y. In it the references to the

figures and descriptions of the various organs are so

minutely given in the index to the plates that it is un-

necessary to repeat them here.
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The Rate of Explosions in Gases. By Harold B. Dixon,

M.A., F.R.S., Professor of Chemistry in the Owens
College.

(Received March yt/i, i8gj.)

§1. The rapid act of chemical change, which follows the

kindling of an explosive mixture of gases, has of late years

attracted the interest both of practical engineers and of

theoretical chemists. To utilize for motive power the

expansive force of ignited gases ; to minimize the chance

of disastrous conflagrations of fire-damp in coal mines ; to

follow the progress of chemical changes under the simplest

conditions, are some among the problems presented in

industry or science, demanding for their solution a know-

ledge of the phenomena of the explosion of gases.

Thirty-six years ago Bunsen described a method of

measuring the rapidity of the flame in gas explosions.

Passing a mixture of explosive gases through an orifice at

the end of a tube and igniting the gases as they issued into

the air, he determined the rate at which the gases must be

driven through the tube to prevent the flame from passing

back through the opening, and exploding inside the tube.

By this method he found that the rate of propagation of the

ignition of hydrogen and oxygen was 34 metres per second,

while the rate of ignition of carbonic oxide, marsh gas, and

coal gas with oxygen was less than i metre per second.

Bunsen applied these results to the rate of explosion of

gases in closed vessels, and his results were accepted without

cavil for four-and-twenty years.

The idea of using the rate of explosion as a means of

determining the course of a chemical reaction occurred to

me in 1877, when investigating the influence of steam on

the union of carbonic oxide and oxygen. If steam acts as
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a carrier of oxygen to the carbonic oxide by a series of

alternate reductions and oxidations, an increase in the

amount of steam present, beyond that required to initiate

the reaction, should be accompanied by an increase in the

rate of combination up to a certain limit Attempts were

therefore made to detect such an increase by measuring the

velocity of the flame in a tube,* But while the difference in

the rate of explosion between the nearly dry and the moist

gases was well marked, the attempts to directly measure the

rate of the explosion of the moist gases failed, owing to the

great rapidity of the flame. In the spring of 1881 I

attempted to measure the rate of explosion of carbonic oxide

and oxygen with varying quantities of steam by photo-

graphing on a moving plate the flashes at the beginning

and end of a closed tube 20 feet long. The two flashes

appeared to be simultaneous to the eye, but no record of the

rate was obtained, for the apparatus was broken to pieces

by the violence of the explosion. Shortly after this attempt

was made the first of the brilliant series of papers by MM.
Berthelot and Vieille, and by MM. Mallard and Le Chatelier,

was read before the French Academy of Sciences. The

work of these French chemists has opened a new era in the

theory of explosions.

In July, 1 88 1, two papers appeared in the Comptes

Rendus, one by M. Berthelot, the other by MM. Mallard

and Le Chatelier. Both papers announced the discovery

of the enormous velocity of explosion of gaseous mixtures.

Other papers by the same authors quickly followed. M.

Berthelot made the important discovery that the rate of

explosion rapidly increased from the point of origin until

it reached a maximum which remained constant, however

long the column of gases might be. This maximum M.

Berthelot stated to be independent of the pressure of the

Phil, Trans., 1884, Pt. If., p. 635.
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gases, of the material of the tube, and of its diameter above

a small limit. The rate of explosion thus forms a new

physico-chemical constant, having important theoretical and

practical bearings. The name " I'onde explosive" was given

by Berthelot to the flame when propagated through an

explosive mixture of gases at the maximum velocity.

While Berthelot, associated with Vieille, was measuring

the rate of the " explosion-wave " for various mixtures of

gases. Mallard and Le Chatelier continued the study of

the preliminary phenomena of explosion which precede the

formation of the " wave." They showed by photographing

on a revolving cylinder :—(i) that when a mixture such as

nitric oxide and carbon bisulphide is ignited at the open

end of a tube, the flame travels a certain distance (depend-

ing on the diameter and length of the tube) at a uniform

velocity
; (2) that at a certain point in the tube, vibrations

are set up which alter the character of the flame, and that

these vibrations become more intense, the flame swinging

backwards and forwards, with oscillations of increasing

amplitude ; and (3) that the flame either goes out altogether,

or that the rest of the gas detonates with extreme velocity.

Again, when a mixture of gases was fired near the closed

end of the tube they found the velocity of the flame

regularly increased, as far as their instruments were able to

record the rapidly increasing pace.

Mixtures of coal-gas with air, and of fire-damp with air,

show phenomena of the first and second kind. Ignited at

the open end of a tube these mixtures burn at a uniform

rate for a certain distance, and then the flame begins to

vibrate.

The vibrations acquire greater or less velocity according

to the nature of the mixture and the conditions of the

experiment ; but the third regime of uniform maximum
velocity is not set up. In narrow tubes the explosion soon

dies out.
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The phenomena studied by Mallard and Le Chatelier

have been observed on a large scale in explosions in coal

mines. It has been noticed that little damage was caused

at the source of an explosion, and for a distance varying

from 50 to 80 yards from the origin of the flame, while

beyond that distance falls of roof, broken tubs, and blown-

out stoppings have testified to the violence exerted by the

explosion. Great as the destruction is which an explosion

of fire-damp and air causes in a mine, it is fortunate that

these mixtures do not detonate.

§2. In Berthelot's brilliant generalisation the actual

velocities of explosion are compared with the mean velocity

of translation of the gaseous products of combustion, sup-

posing these products to contain all the heat that is

developed in the reaction.

For instance, we know the total heat given out when

hydrogen and oxygen combine. If this heat is contained

in the steam produced, we can calculate what its tempera-

ture must be if we know its heat capacity. And if we know

the temperature of the steam, we can calculate the mean

velocity with which the molecules must be moving. Now
Berthelot supposes that the heat is all contained in the

steam produced. He assumes that the heat capacity of

steam is the same as the sum of those of its constituents
;

and he supposes, moreover, that the steam is heated at con-

stant pressure. Making these assumptions, he calculates

out the theoretical mean velocity of the products of com-

bustion of various mixtures, and finds a close accordance

between these numbers and the explosion rates of the same

mixtures. He concludes that the explosive wave is propa-

gated by the impact of the products of combustion of one

layer upon the unburnt gases in the next layer, and so on

to the end of the tube at the rate of movement of the

products of combustion themselves. If his theory is true,

it accounts not only for the extreme rapidity of explosion
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of gaseous mixtures, and gives us the means of calculating

the maximum velocity obtainable with any mixture of

gases, but it also affords us information on the specific

heats of gases at very high temperatures, and it explains

the phenomena of detonation whether of gases or of solid

or liquid explosives.

Table I. shows the explosion rates found by Berthelot,

compared with the theoretical velocity of the products of

combusion :

—

Table I.

Berthelofs Experiments.

Gaseous Mixture.
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ance between the found and calculated rates for carbonic

oxide with both oxygen and nitrous oxide. I had previously

discovered that pure carbonic oxide cannot be exploded

either with pure oxygen or pure nitrous oxide. The dis-

cordance found by Berthelot was what I should have

expected from my own experiments.

Table II.

Combustible ,^ases ivHh oxygen and nitrogcii.

Gases.
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useful to repeat and extend these experiments. My objects

were chiefly : (i) to determine as accurately as possible the

rate of the explosion-wave for some well-known mix-

tures
; (2) to measure the rate of the explosion wave in

carbonic oxide and oxygen with different quantities of

steam; and (3) to determine the influence of inert gases on

the propagation of the wave.

§3. For a description of the apparatus employed, the

mode of preparation of the gases and the chronograph

arrangements, I must refer to my Memoir in the Philoso-

phical Transactions for 1893.

Briefly, my apparatus differed from that of Berthelot's

in the following particulars :

—

a. The explosion tube was longer and wider.

b. The interrupters or ' bridges ' were of silver foil, and

no fulminate was used.

c. A longer space was allowed between the firing spark

and the first ' bridge,' where the record of the rate

was begun. This was found essential in several

cases, especially when the mixture was fired under

reduced pressure, or in presence of inert gases, in

which cases the explosion does not reach its

maximum rate for some feet.

d. The errors of the chronograph were largely eliminated

by making blank experiments, and by repeating

each experiment with the connexions of the chrono-

graph reversed.

The results obtained with hydrogen and oxygen, with

hydrogen and nitrous oxide, and with marsh gas and

oxygen in exact proportions for complete combustion, were

in close accordance with the mean results of Berthelot

;

for ethylene, acetylene, and cyanogen my numbers differed

appreciably, but in no case differed by more than 7 per

cent, from the rates observed by Berthelot :

—
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Table III.

Velocity of Explosion in Afetres per Second.

135

Hydrogen and oxygen H2 +
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Berthelot's conclusion that the explosion-wave is inde-

pendent of the initial pressure of the gases must, therefore,

be modified. At low pressures the rate falls off, but above

a certain crucial pressure, which, in the case of hydrogen

and oxygen, seems to be about two atmospheres, the velocity

is independent of the pressure.

§4. Berthelot's formula fails for the explosion of carbonic

oxide with oxygen or nitrous oxide. This was to be expected

if, in the detonation of carbonic oxide in a long tube, the

oxidation is effected indirectly by means of steam, as it is

in the ordinary combustion of the gas. Measurements of

the rate of explosion of carbonic oxide and oxygen in a long

tube showed that the rate increased as steam was added to

the dr)' mixture, until a maximum velocity was attained

when between 5 and 6 per cent of steam was present.

In the following table the mean results obtained with

the dried and with the moistened gases are given :

—

Table V.

Rate of Explosion of Carbonic Oxide a?id Oxygen saturated with

Steam at Different Temperatures.

Conditio .
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to be altered ; the addition of hydrogen increasing the

velocity, the addition of oxygen diminishing it. The addi-

tion of an inert gas nitrogen, incapable of taking part in the

chemical change, produced the same effect as the addition

of oxygen—one of the reacting substances—only the retard-

ing effect of nitrogen was less marked than that of an

equal volume of oxygen. The retardation of the explosion-

wave caused by the addition of an inert gas to electrolytic gas

evidently, therefore, depends upon the volume and the

density of the gas added. In the following table the retard-

ing effect of oxygen on the explosion of electrolytic gas, is

compared with that of nitrogen :

—

Table VI.

Rate of Explosion of Electrolytic Gas with Excess of Oxygen

and Nitrogen.

Volume of oxygen added to

H2 + O
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question, on which there is Httle experimental evidence.

If, for instance, in the combustion of a hydrocarbon, or of

cyanogen, the carbon is first burnt to carbonic oxide, which

subsequently is burnt to carbonic acid, the rate of the

explosion-wave should correspond with the carbonic oxide

reaction, in this case the primary reaction ; whereas, if the

carbon of these gases burns to carbonic acid directly, in one

stage, then the rate of the explosion-wave should correspond

with the complete reaction.

Now, if we adopt Berthelot's formula as a working

hypothesis, we can calculate the theoretical rates of explo-

sion of marsh gas, ethylene, or cyanogen : (i) on the

supposition that the carbon burns directly to CO2, and (2)

on the supposition that the carbon burns first to CO, and

the further oxidation is a subsequent or secondary reaction.

On the first supposition, if 100 represents the rate of explo-

sion of these three gases burning to carbonic oxide, the

addition of the oxygen required to burn the gases to

carbonic acid should increase the rate of explosion :

—

Marsh Gas. Ethylene. Cyanogen.

Calculated rate of explosion

when burnt to CO-
ion I 104 103 107

Whereas if these gases always burn first to carbonic oxide,

and the extra oxygen is inert in propagating the explosion-

wave, then the addition of this inert oxygen would diminish

the rate of explosion :

—

Marsh Gas. Ethylene. Cyanogen.

Calculated rate of explosion when burnt
| qq o_

to LU with inert oxygen present ...
J

^

The experiments show that if 100 be taken as the rate of

explosion when the oxygen is only sufficient to burn the

carbon to carbonic oxide, the following are the rates found

when oxygen is added sufficient to burn the carbon to

carbonic acid :

—
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Marsh Gas. Ethylene. Cyanogen.

Rates found 94 92 84

The results are, therefore, in favour of the view that in the

explosion of these gases, the carbon is first burnt to carbonic

oxide.

But it might be objected that the increase in rate found

on diminishing the oxygen is due, as in the case of electrolytic

gas with excess of hydrogen, to the lower density of the

mixture. Taking the most favourable case—that of marsh

gas—the density of the mixture is lowered 4 per cent by

diminishing the oxygen from O4 to O3. Now, if the rate

varies inversely as the square root of the density this would

only increase the rate 2 per cent. So that even if the heat

of the chemical reaction remained the same in the two cases,

the observed increase in rate could not be accounted for by

the diminution in density. I need not point out that in

the case of cyanogen the diminution of oxygen is accom-

panied by an increase in density.

But stronger evidence is obtained by comparing the

explosion rate of these gases (i) when fired with oxygen

sufficient to burn the carbon in them to carbonic acid, and

(2) when nitrogen is substituted for the oxygen in excess of

that required to burn the carbon to carbonic oxide. We
have seen that oxygen added to electrolytic gas hinders the

explosion more than nitrogen. In precisely the same way
oxygen added to a mixture of equal volumes of cyanogen

and oxygen hinders the explosion more than the same

volume of nitrogen. The conclusion we must come to is

that the oxygen added to the mixture expressed by the

formula C2N2+ O2 is as inert (so far as the propagation of

the explosion-wave is concerned) as oxygen added to the

mixture expressed by the formula H2+ O. The same

phenomena occur in the explosion of marsh gas, ethylene,

and acetylene.

K
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Table VII.

Tlie Rate of Explosion of Cyanogen (i) with Oxygen, and

(2) with Oxygen and Nitrogen.

2,

Mixture.
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Table IX.

The Rate of Explosion of Ethylene (t) with Oxygen and (2) ivith

Oxygen and Nitrogen.

Mixtures.
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acetylene—the substitution of nitrogen for the oxygen

required to burn the carbon from carbonic oxide to carbonic

acid increases the velocity of the explosion. These facts

seem only consistetit with the viezv that the carbon burns

directly to carbonic oxide, and the formation of carbonic acid

is an after-occurrence.

§6. The experiments described above, as well as others

made with the same mixtures further diluted with nitrogen,

permitted an extended comparison between the theoretical

velocities calculated by Berthelot's formula (0) and the

actual rates (v). This comparison is made in the following

tables for electrolytic gas, diluted with oxygen and with

nitrogen ; for cyanogen burning to carbonic oxide, and

when this mixture is diluted with nitrogen ; for marsh gas,

ethylene and acetylene all burning to carbonic oxide and

steam, and for the same gases diluted with nitrogen. In

calculating 6, I made a correction for the gases being at the

ordinary temperature (13° C.) before explosion and not at

absolute zero ; the theoretical velocities are, therefore

rather higher than those given by Berthelot. This correction

raises the theoretical velocity of explosion of electrolytic

gas from 2831 metres per second (Berthelot) to 2900.

Table XL

Electrolytic Gas with excess of Oxygen added.

Mixture.
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Table XII.

Electrolytic Gas 7vith excess of Nitrogen added.

Mixture.
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Table XIV.

Marsh Gas and Oxygen with excess of Nitrogen added.

Mixture.
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Here, as in the case of electrolytic gas, the rate for the

pure mixture is in close agreement with the calculated

velocity. Taken by itself, this experiment (not tried by

Berthelot) would have offered strong confirmation of the

correctness of the theory. But as successive additions of

nitrogen are made to the mixture, the calculated velocities

fall below the observed rates, until with a large excess of

nitrogen, the calculated rate is 16 per cent too low.

The gradual divergence between the observed and the

calculated rates of explosion for different gaseous mixtures,

as successive quantities of nitrogen were added to the pure

explosive gas, led me to try the effect of diluting electro-

lytic gas with hydrogen. According to Berthelot's formula

a slight increase in the rate should occur; actually a very

marked increase in the rate was observed.

Table XVII.
,

Rate of Explosion of Electrolytic Gas with excess of

Hydrogen added.

Mixture.
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the formula used failed to express the hypothesis with

exactness.

Let us examine the mode in which Berthelot calculates

the theoretical velocity, i.e., the mean rate of translation of

the products of combustion at the temperature of the

explosion. In Clausius' formula

/I
• »^=29-354V d

M. Berthelot calculates the absolute temperature of the

explosion by dividing the quantity of heat developed in the

complete reaction by the specific heat of the products of

combustion taken at constant pressure. He argues that

each layer of gas, in transmitting the explosion, is heated

under constant pressure. I cannot follow his reasoning.

"The combustion," he says, "in propagating itself from

layer to layer, is preceded by the compression of the gaseous

layer which it is about to transform. . . . The combustion of

each layer produces both heat and at the same time the

work necessary to compress the following layer—that is to

say, the layer loses on this score just as much heat as it

gained by its own compression. The whole proceeds, as

far as the elevation of temperature is concerned, precisely

as if we had operated under constant pressure." On the

facts of the case there is no dispute. The gas is exploded

in a closed vessel. Each layer is compressed before

being fired ; after firing it compresses the layer beyond

it. Now, as regards this preliminary compression, each

layer, in turn, expends the same energy as was previously

communicated to it, and therefore, it does no work of its

own. But a gas heated under conditions where it does

no work is raised to the same temperature as it would

be had its volume remained constant. M. Berthelot admits

that it would appear at first sight as if the gases were

heated at constant volume ; he adds that the concordance
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of the calculated with the observed numbers supports his

explanation of the phenomena.

Again, the fact that each layer is fired by compression

involves the preliminary heating of that layer, and this

heating must be added to the heat developed by its burning.

The temperature of the burning layer must, therefore, be

greater than that obtained by dividing the heat developed

in the chemical change b}^ the specific heat of the products

of combustion.

When a sound wave alone is transmitted through a

gas its velocity shows that each layer of gas forming the

wave-front is heated by compression, and there seems no

reason why this should not happen when the compression

is accompanied by a chemical change.

To what extent is each layer heated before combustion ?

MM. Mallard and Le Chatelier* state that the explosion-

wave will be propagated when each layer is brought by

compression to its own temperature of inflammation. For

hydrogen and oxygen, they find this temperature to

be about 550°C., and calculate that a pressure of 30

atmospheres must be exerted upon the gas to raise it to

this point. This temperature may be regarded as the

loivest limit of the preliminary heating of each layer before

combustion.

If we regard the transmission of the explosion to be

due to the collisions of the molecules, and assume that

molecules which are chemically inactive towards each other

act as elastic bodies when they come into collision, and

that molecules which combine chemically lose energy of

translation and gain energy of vibration, then it must

happen that unburnt molecules come into collision with

burnt molecules and take up their energy in the form of

motion. For instance, in the explosion of hydrogen and

*Kecherches stir la Combustion des Melanges Gazeux Explosifs, p 88—91
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chlorine the energy of the hydrochloric acid formed will be

communicated by collision to molecules of hydrogen and

chlorine ; these Jieated molecules, moving forwards, will meet

unheated molecules moving backwards, when combination

will occur between those of opposite kind. Heated hydro-

gen will thus combine with cool chlorine, and heated chlorine

with cool hydrogen. If we assume that an exceedingly thin

layer of gas may be heated nearly to the temperature of the

neighbouring layer by exchange of energies on impact of

the molecules, we may say that, on the average, the heat of

combustion of each molecule of hydrochloric acid formed is

communicated to a molecule of hydrogen or chlorine which

shares //with a molecule of the opposite kind ; each molecule

formed in turn will therefore have a temperature correspond-

ing to the heat of chemical combination plus half the

heat of a molecule previously formed. According to this

view the temperature reached by each successive layer

would increase until it was double that due to the chemical

change alone. The temperature of the explosion would

then remain constant, and the wave would advance at a

uniform rate as long as it met the same mixture of gases.

If we accept the hypothesis that the explosion is propa-

gated by molecular collisions, we have just seen that the

movement of the products of combustion is communicated

to the unburnt molecules in front. It will, therefore, follow

that the rate of the advancing explosion will depend not

only on the rate of translation of the products of combustion,

but also on the rate of translation of the heated but yet

imcombined molecules. If the burnt molecules communicate

their rise of temperature without loss to the molecules

in front, no difference in the mean rate of motion will be

caused by this transference so long as the burnt and the

unburnt gases are of the same average density. But if a

change in density is produced by the combustion, the

average velocity of the molecules in the burnt layer will
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differ from the average velocity of the molecules in the

heated but yet unburnt layer, and this difference must be

taken into account. Lastly, there is a correction to be

applied for changes of density in the explosion which in

part counteracts the foregoing correction. In the oxidation

of hydrogen and of carbonic oxide there is a contraction

from three volumes to two ; in the burning of cyanogen to

carbonic oxide there is an expansion of two volumes to

three.* If each layer of the reacting gases is heated at

constant volume, a change in the number of molecules must

affect the temperature reached.

§8. The criticisms, which I have ventured to make on

Berthelot's method of calculating the mean rate of trans-

lation of the gaseous molecules concerned in the propagation

of the explosion-wave, tend to show that the rate so calcu-

lated must be too small. But in attempting to apply

corrections suggested by these criticisms, one is beset with

difficulties. In discussing these difficulties in a lecture

given before the British Association, at Manchester, in 1887,

I remarked :

—

" I think I have made it plain that it is not so simple a matter to

calculate the rate of the explosion-wave ; but I also think that by

following up this path of experiment we may be led to discover the

true relation between the rate of explosion and the molecular rate.

Perhaps the chief obstacle to our seeing this relation is the fact that

few, if any, chemical changes are known which are sufficiently

simple to show it."

I now advance as a working hypothesis the view that

the explosion travels with the velocity of sound in a gas of

the maximum temperature and of the density of the gases

in the wave-front.

To obtain (approximately) the mean rate of translation

• M. Berthelot rigluly takes this change into account in interpreting

Bunsen's experiments on the temperature produced in explosions —Ann. Chiin.

et Phys., v., xii.
, 302.
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of the molecules concerned I have made the following

assumptions :

—

(i) That the explosion-wave is carried forward by the

movements of molecules of density intermediate between

that of the products of combustion and that of the unburnt

gas
; (2) that the temperature of the gas propagating the

wave is double that due to the chemical reaction alone
;

(3) that the temperature is increased when the chemical

volume of the products is larger, and is diminished when

the chemical volume of the products is smaller, than that of

the initial gases
; (4) that the gases are heated at constant

volume, and their specific heats remain constant at high

temperatures. On calculating out the mean rate of transla-

tion of the molecules on these assumptions one arrives at

numbers greatly in excess of any of the observed rates of

explosion ; but some of the observed rates agree with tJie

velocity of sound m. a gas of the temperature and density so

calculated. For instance, when one volume of cyanogen is

exploded with an equal volume of oxygen, two volumes of

carbonic oxide are formed and one volume of nitrogen :

—

Taking the quantity of heat evolved as 126,100 calories,

and the specific heat at constant volume of the products

of combustion as 4"8x3 = i4"4, the temperature produced

by the chemical change is 8,694°C. If the gases were

initially at 13°, or 286° above absolute zero, the chemical

reaction would raise the temperature to 8,980°. But since

three molecules are formed where two previously existed,

the temperature is further raised by the heat developed in

compressing three volumes to two. This will raise the

temperature to 10,595°. ^t double this temperature the

mean rate of translation of a molecule of the mean density

of the burnt and unburnt gases would be 3,892 metres per

second. If the formula for the velocity of sound under

ordinary conditions held good in the explosion, the velocity
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of the sound wave would be 2,670 metres per second—a rate

which is about 2 per cent less than the observed velocity of

the explosion-wave. Now, the theoretical velocity of sound

is calculated on the assumption that the disturbance is very

small ; if the displacements are large the velocity of sound

should be higher. Direct measurements of the velocity of

sound waves of great intensity have confirmed this anticipa-

tion. Under ordinary conditions the rate of the sound wave

is to the mean rate of the molecules as "688 : i. If we take

the ratio in an explosion as 7 : i the velocity of the sound

wave agrees with the observed rate of explosion in this

particular case.

We may now compare the rate of the sound wave so

calculated with the velocity of explosion of cyanogen with

oxygen (i) in presence of excess of oxygen
; (2) in presence

of excess of nitrogen
; (3) of cyanogen with nitrous oxide

alone, and (4) in presence of excess of nitrogen ; and lastly,.

(5) of cyanogen with nitric oxide ; taking the data furnished

by Berthelot's experiments for the quantities of heat evolved.

Table XVI II.

The Rate of Explosion of Cyanogen mixtures compared ivith the

calculated velocity of somid (S).

I. Cyanogen with Oxygen.

Mixture.
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3. Cyanogen with Nitrous Oxide and Nitrogen.

Mixture.
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The Rate of Explosion of Electrolytic Gas with excess of Nitrogen

compared with calculated velocities.

Mixture.
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atmospheric pressure at the temperature of the oxy-

hydrogen flame, it does not seem improbable that dissocia-

tion would also occur at the higher pressures and higher

temperatures of the explosion-wave. The researches of

MM. Berthelot and Vieille, and those of MM. Mallard and

Le Chatelier, on the pressures registered in an explosion of

gases, have led these investigators to the conclusion that

the specific heat of steam rapidly rises with the temperature.

The deficiency of "available" pressure, which Bunsen first

observed in the explosion of gases, and attributed to in-

complete combustion, they consider to be due to an increase

of specific heat. Such an increase in the specific heat of

steam with rise of temperature would explain the divergence

between the observed and calculated rates of explosion of

hydrogen with oxygen. And, conversely, it appears to me
that the results of the French experimenters might be

equally well explained by the temporary dissociation of

steam in their explosions.

That the combustion of pure electrolytic gas is not

zvJwlly complete in the explosion-wave has been proved by

collecting the residue and exploding it.* In the propagation

of the wave the cooling due to expansion is so rapid that

some molecules of hydrogen and oxygen, which are unburnt

in the wave-front, have not time to combine before they are

cooled below the temperature of combination. In a leaden

tube, 9 mm. in diameter and lOO metres long, about i per

cent of electrolytic gas was found uncombined after the

explosion. That this incompleteness of combustion was

not due to the cooling effect of the walls was shown b}'

making comparative experiments in tubes 4 mm. and \(^

mm. in diameter. Nearly the same percentage of unburnt

residue was found in all the tubes, and also when the gases

•"Incompleteness of Combustion in Gaseous Explosions," by H. li.

Dixon and H. W. Smith. Manchester Memoirs [IV.] 2 1888.
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were detonated in an iron bomb 100 mm. in diameter. We
have, therefore, positive evidence that in the explosion-wave

the combustion cf electrolytic gas is incomplete : it seems,

therefore, not unreasonable to assume that in the wave-

front

—

i.e.^ at the highest temperature—a considerable pro-

portion of hydrogen and oxygen is uncombined, and the

propagation of the wave is retarded accordingly.

§9. Mixtures of oxygen with the hydro-carbons ethylene

and acetylene will explode when largely diluted with

nitrogen. It is found both with ethylene and acetylene

that the rate of explosion exactly agrees with the calculated

velocity of the sound-wave when the mixtures are largely

diluted with nitrogen, but not when the gases are exploded

without dilution :

—

Table XXI.

Rate of Explosion of Ethylene a?id Oxygen with excess of

Nitrogen compared with calculated velocities.

Mixture.
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Rate of Explosion of Acetylene and Oxygen with excess of

Nitrogcfi compared luitli calculated velocities.

Mixtui-e.
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\elocity of the sound-wave (2) calculated by my formula

is 1,805 or 1,830, according as the lower or higher heat of

combination is taken. The rate of the explosion thus falls

appreciably below the calculated velocit}- of the sound-

wave.

On diluting the electrolytic gas with hydrogen the rate

of explosion was found to increase, and to approximate to

the calculated velocity of the sound-wave. While the

addition of diluent hydrogen to the electrolytic gas makes

little difference in the calculated rates, the observed

velocities of explosion increased appreciably. On the

assumption that the heat of combination of hydrogen and

chlorine is 22,630 calories, the calculated and observed

velocities are as follows :

—

Table XXII.

Rate of Explosion of Hydrogen and Chlorine with addition

of Hydrogen.

Mixture.
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hand the physical properties of hydrochloric acid more

nearly resemble those of carbonic oxide and the elementary

gases than those of steam or carbonic acid ; we should

expect, therefore, that the specific heat of hydrochloric acid

should remain as constant as that of carbonic oxide at high

temperatures.

I am aware that some of the assumptions made in

calculating the temperature of the wave-front cannot be

strictly accurate. For instance, the high velocities of the

molecules in a heated layer cannot be transferred without

loss to the molecules of the next layer, or otherwise sound

would be propagated in a gas at the rate of the original

disturbance. Again, I assume that the whole heat of

chemical combination is developed in the wave-front, an

assumption that requires the chemical change to be com-

pleted within exceedingly small limits of space and time in

those cases where dissociation does not occur. It has been

suggested that there is not a true wave motion in the

explosion, but that the wave breaks and sends forward jets

of heated gas which produce secondary waves coalescing

and breaking in turn.

The tentative formula I have proposed must be regarded

as nothing more than a working hypothesis.

In conclusion, I would say that these experiments have

amply confirmed the truth of Berthelot's statement that the

explosion-wave is a " specific constant " for every gaseous

mixture
; that it has been shown that the rate of explosion

depends upon the primary reaction occurring, and that the

determination of the rate may throw some light on what is

now so obscure—the mode in which chemical changes are

brought about ; and, finally, that it does not seem impossible

that a connexion between the rate of the molecules and

the rate of the explosion may be worked out, which will

give us some definite information on points of high interest

in the theory of gases.
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Ordinary Meeting, February 21st, 1893.

Professor ARTHUR Schuster, Ph.D., P\R.S., F.R.A.S
,

President, in the Chair.

In pursuance of a resolution of the Council, the meeting

was opened at five o'clock instead of seven o'clock, the usual

hour, as an experiment. There was a good attendance, and

a conversation took place as to the desirableness of the

meetings being occasionally held at the earlier hour, to suit

the convenience of members residing at a distance or

otherwise occupied in the evening. The general feeling

appeared to be in favour of the new departure, and a

suggestion that the meetings should be alternately held at

five and seven o'clock seemed to meet with approval.

The thanks of the members were voted to the donors of

the books upon the table.

Mr, J. Wilson, introduced by Professor SCHUSTER,

read a paper " On the Comparison between Maxima and

Minima of Temperature observed in different parts of Man-
chester during the period of frost, December 4th, 1892, to

January 28th, 1893." A discussion ensued, during which

the prevailing direction of the wind was mentioned as a

probable factor in the problem.

A paper by Mr. B. Lean, B.Sc, and Professor H. B.

Dixon, M.A., F.R.S., "On the Length of Plame produced

in Explosions in Tubes," was read by the latter. A dis-

cussion ensued on the relation of the phenomena to coal-

mine explosions.
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Comparison of Observations of Temperature taken

at two stations in Manchester from December 4th,

1892, to January 28th, 1893. By J. Wilson. Com-
municated by Arthur Schuster, Ph.D., F.R.S.,

F.R.A.S.

{Received March jth, i8gj.)

Since August, 1892, systematic meteorological observa-

tions have been taken at the Observatory in Whitworth

Park, Manchester. These have been compared with similar

readings taken at the Oldham Road (the "Manchester City")

Observatory, and it has been thought that a short summary

of the results of such a comparison would not be without

interest to members of this Society.

The period chosen for a detailed comparison extends

from December 4th, 1892, to January 28th 1893 ; this

being selected as it contains the periods of lowest tempera-

ture of the winter 1892-3.

The Oldham Road Observatory is situated in an industrial

area on the north side of the town, Whitworth Park being

in a residential area on the south side. Both stations are

about one mile distant from the centre of the city.

All the observations are taken at 9 a.m. The ther-

mometers at both observatories have been verified at Kew,

and they are exposed in Stevenson's screens, 4 ft. high, over

grass.

The observations which have been tabulated are the

following :

—

I.—Maxima in the shade.

II.—Minima „ „

III.—Means of I. and II.

IV.—Temp, at 9 a m. in the shade.
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The following Tables explain themselves, the period to

which the numbers apply is the 24 hours ending at 9 a.m.

on the date given in the first column. The differences for

the maxima have been formed by subtracting the Oldham

Road from the Whitworth Park observations, while in the

case of the minima the observations taken at the latter place

are subtracted from those taken at the former.

(i) December 4TH to ioth (inclusive).

W.P. = Whitworth Park ; O.R. = OldJiam Road.

SU hours ending
9 a.m. on
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(3) December fSth to 24TH (inclusive).

% hours ending
'J a.m. on
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(6) January 8th to 14TH (inclusive).

163

3,4 hours ending
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Summary of Weekly Means.
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perature was really higher in the Park maximum than in

the Oldham Road maximum.

II. Minima.

The minima show a much greater difference than do the

maxima, the daily average being 29'5 and 32-5 at Whitworth

Park and Oldham Road respectively. The days marked

by the greatest divergences are December 5, December 6,

January 4, January 5, and January 6, these being also the

days of greatest cold.

T. . Difference between
Da'e- Minima.
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III. Means.

68 per cent, of the means are higher at Oldham Road

than at Whitworth Park, the daily averages being 36'4 and

3 5 '5 respectively.

IV. p a.m. Readings.

Generally speaking, the readings at Whitworth Park are

lower than at Oldham Road, the daily averages being 34*2

and 357 respectively.

Percentage of lower readings observed 88*

„ equal „ „
2-

„ lower „ calculated 89*

Mean Daily Range.

The mean daily range is less at Oldham Road than at

Whitworth Park, the values being respectively 7°7 and 1 1°"9.

Taking the series of readings as a whole the greatest

divergence occurs on January 5th, the figures for the day

beinsT :

—
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extend is short, the results were definite, and suggested

several matters to which our attention will have to be

directed in future.

The remarkable differences which appear in the tem-

perature records in different parts of the city furnish an

additional proof, if proof were wanted, that observations

taken in or near a large town cannot be taken to represent

correctly the meteorological character of the surrounding

districts, but it by no means follows that these observations

are of no value. On the contrary, they may lead to some

important conclusions on what may be called town weather

as distinguished from country weather.

It seems to me that the differences in the minimum

temperatures are accounted for by the fact that the smoke

hanging over the city prevents a free radiation into space at

night. The smaller the amount of dust and smoke the

lower would be the minimum temperature. The effect of

smoke is so considerable that the differences between the

Oldham Road and Whitworth Park observations amount,

as Mr. Wilson has shown, in some cases to 1 1 degrees, and

it would be interesting to have some records still nearer the

centre of the city.

The lessening of cold in winter nights might not seem at

first sight to be an object for regret, but it must be remem-

bered that the same cause which shelters the town against

the effects of radiation, will prevent the sunlight from having

its due effect in daytime. Consequently, in the month of

January, Oldham Road only registered 62^ of the sunlight

registered at Whitworth Park ; and here it must again be

remembered that the Oldham Road Observatory is not

near the centre of the city, nor is the Whitworth Park very

far removed from it. How much greater, then, may we

expect to find the differences existing between the centre of

the town and the country.

The effect of smoke seems so considerable, and its
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effects appear so rapidly, that there is a marked difference

in the behaviour of the Oldham Road Observatory on

Sundays and other days. I was struck by the fact that on

only 5 occasions did the Oldham Road Observatory record

lower temperatures than the Whitworth Park, and all five

cases happened during the night from Saturday to Sunday,

or from Sunday to Monday. I have arranged Mr. Wilson's

record according to the days of the week, and the result is

shewn in the following table.

Night from.
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On the Length of Flame Produced by the Explosion of

Gases in Tubes. By B. Lean, B.Sc, Dalton Chemi-

cal Scholar; and H. B. Dixon, M.A., F.R.S., Pro-

fessor of Chemistry in the Owens College.

{Received February 21st, iSgj.)

While many measurements have been made on the

pressures produced by the explosion of gases, and also on

the rates with which the flame is propagated in different

mixtures, we know of few experiments on the extension of

the flame, i.e., the distance to which the flame may be forced

beyond the original limit of the explosive gases.

In a paper, read before this Society in 1891,* we described

some experiments on the transmission of flame across an

air-gap between two explosive mixtures of gases. We
found that the enclosed air was, to a large extent, pushed

bodily forward like a plug, so that a comparatively short

•column of inert gas prevented the flame from penetrating

to and igniting the explosive mixture beyond. In the

present series of experiments we made observations on the

distance to which the flame extended along a tube com-

municating at one end with the column of explosive gases,

and at the other end open to the air. Our main object being

to obtain data as to the extension of flame in the explosion

of mixtures of fire-damp and air in mines, we used (instead

of electrolytic gas, as in our former experiments) various

mixtures of air and of coal-gas, which resembles fire-damp

in its mode of burning with air.

In the great majority of the experiments, the explosive

mixture was introduced into a brass tube, about 2ft. in

length and of 15 mm. internal diameter. At one end it was

• Memoirs Lit, and Phil. Soc. [Fourth Series], Vol. V., p. 16.
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closed by a massive steel tap, the bore of which was also

15 mm. in diameter; this tap carried a by-pass. At the

other end was a firing-piece closed by a steel tap. The

length of the column of explosive gases in the case of the

above tube was 73-5 cm.

The explosive mixture was made and stored in an iron

gas-holder over water. To fill the tube, the tap was con-

nected with the gas-holder, and the air in the tube expelled

through the by-pass. In every case, one-tenth of a cubic

foot was sent through the tube, before the taps were closed,

so as to ensure the removal of all air. After every explosion,

the products were expelled by a current of air before re-

filling.

The flash had to travel 6 cm. before it could be seen

beyond the end of the steel tap.

To this steel tap glass tubes could be attached by means

of cement. They had the same internal diameter as the

brass firing tube. Four different lengths were employed :

—

tube b
;
length of air column 36-0 cm.

j> ^ )) )) "9 "

)) <* !) )) -^55 "

„ e „ „ 240 „

Experiments were also made in which no glass tube

was attached. These we may class under the letter a : in

these the length of the air column was 6 cm. The point

which the flash reached was noted by the eye : with

practice this could be done within i centimeter. In every

case 10 experiments were made under precisely the same

conditions : such large differences were found between the

results of similar experiments, that unless the mean of a

considerable number had been taken, it would have been

impossible to arrive at any generalisation.

With each mixture of coal-gas and air experiments were

made with several lengths of glass tubing attached to the

firing tube.
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(1) / volinne of coal-gas with ^ volumes of air.

This mixture could not be exploded in the firing tube.

(2) I volume of coal-gas tvith 5 volumes of air.

The linear extension of the flame is stated in centimetres.

a.
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(4) / vohune of coal-gas ivith 7 volumes of air.
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(6) I volume of coal-gas with 10 volumes of air.
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(8) / volume of coal-gas with 14. volumes of air.
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To confirm the conclusions arrived at, a few experiments

were made with a longer column of the explosive mixture.

A brass tube, 4 feet in length, was substituted for the former

one, which was 2 feet in length. In this case the length of

the explosive column became I35'5 cm.

Experiments were made employing a mixture of i vol.

of coal-gas and 7 vols, of air.

Tube c.
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but beyond a certain length of tube, any increase in its

length does not affect the projection of the flame.

(3) With mixtures containing more than 8 volumes of air and

I volume of coal-gas, a large increase in the length of the

tube attached appears to dimmish the extension of the

flame.

(4) The mean projection of the flame under the most favour-

able conditions is little more than equal to the length

of the column of explosive gases. Thus, in the case of

a mixture of i volume of coal-gas and 7 volumes of air,

disposed in a column 73*5 cm. in length, the mean

extension was 82 "3 cm. along a tube 155 cm. in length.

The maximum projection of the flame observed was

105 cm. with the shorter firing-tube, and 158 cm. with the

longer firing-tube. In no case was the flame projected one

and a half times the length of the column of explosive gases.
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Ordinary Meeting, March 7th, 1893.

Professor Arthur Schuster, Ph.D., F.R.S., F.R.A.S.,

President, in the Chair.

The thanks of the members were voted to the donors of

the books upon the table.

Mr. F. J. Faraday, F.L.S., F.S.S., read a paper "On
Some Remarks by the Right Honourable William Ewart

Gladstone, M.P., on the Relative Stability of Gold and

Silver as Standards of Value."

A discusssion ensued, in which Professor OSBORNE

Reynolds, Professor Schuster, and Dr. Schunck took

part.
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On some Remarks by the Right Honourable William

Ewart Gladstone, M.P., on the relative stability

of Gold and Silver as Standards of Value ; being a

vindication of the opinions of Ricardo and Cobden.

By F. J. Faraday, F.LS., F.S.S.

{Received March yth, i8gj)

It is well known that a former esteemed member of the

Manchester Literary and Philosophical Society, the late

Professor W. Stanley Jevons, wrote much on the value of

gold, his special interest in the subject being a consequence,

probably, of his employment in very early life, before his

association with the Owens College, as assayer to the

Sydney Mint. In 1863 he published the results of an

exhaustive investigation under the title, " A Serious Fall in

the Value of Gold ascertained, and its Social Effects set

forth." In this paper, Mr. Jevons arrived at the conclusion

that, owing to the Californian and Australian gold dis-

coveries, gold was depreciated 29% in 1857, and that at the

period at which he was writing, the average depreciation had

been about 9 % ; and he predicted that, within the next six

years, there would be an average depreciation of from 40 to

50% . As Professor Foxwell has pointed out, Mr. Jevons, in

arriving at this latter conclusion, overlooked the stimulating

influence of advancing prices on scientific discovery,

mechanical invention, productive industry, and trade. In a

paper published in 1869, the year before the considerable

disturbance caused by the series of events of which the

Franco-German War was the first, he demonstrated that

gold was depreciated 16 to 18%. Now, in his speech

in the House of Commons on February 28, 1893, on

Sir Henry Meysey Thompson's motion respecting the
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Brussels International Monetary Conference, Mr. Gladstone

stated that all these opinions had been abandoned, and

that gold during that time of " severe trial " was only

depreciated 3 per cent., whereas, according to the right

honourable gentleman, the value of silver had varied 40

per cent, within the last 20 or 30 years. Mr. Jevons's

first paper on the subject of gold was read before the

Manchester Literary and Philosophical Society, and the

reputation of Mr. Gladstone as a Finance Minister gives

a very great importance to his utterances on such a

subject. The question is a scientific and not a political one,

and as the Society has already admitted to its Memoirs two

papers relating to it, one by Mr. Jevons in 1859 (^Memoirs,

Vol. I., 3rd Series), and one by the present writer in 1891

{Memoirs and Proceedings, Vol. IV., 4th Series), I trust that

a further communication on a problem of extreme economic

interest will not be considered out of place.

Mr. Gladstone's argument, as reported by the Times, was

as follows :
—

" I am not exaggerating when I say that not

only the ignorant herd, but many men of sense, and practical

men who were high authorities on questions of economy,

believed firmly about 40 or 45 years ago that gold was

depreciated 20 per cent. I might mention a few names.

There was the late Viscount Cardwell, as good an economist

as I have ever known among purely political men ; there

was Mr. Cobden, who, in addition to his other great gifts

and powers, undoubtedly stood very high as a political

economist ; and there was a distinguished friend of Mr.

Cobden, M. Chevalier, who published a book, the main

proposition of which was that gold had undergone a real

depreciation of 20 per cent. All that has blown over now,

and nobody believes at present in any such depreciation.

It happened, too, at that period, that silver was in a state of

considerable steadiness, and afforded a very fair test of values

in the market. I think I am right in saying that silver then
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rose from 5s. to 5s. 3d. per ounce, and that gold fell about

3 per cent. That was a most severe trial, and there is no

epoch in history, not even in the i6th century—when such

remarkable changes were produced by the discovery of

America—when so vast and enormous an addition had been

made, almost at a moment's notice, to the monetary trans-

actions of the world, and to the necessity thereby created for

an enlargement of the circulating medium. Yet gold has

stood, and has not varied more than about 3 per cent. I

should say that is a very respectable case to make out for

gold as a circulating medium. If, under such pressure and

such an agony of trial, the fluctuation of gold amounted to

only a trifle, the position of gold as a standard of value is

splendidly demonstrated. It is now proposed that silver

shall be used as a circulating medium, but what has been

the case with regard to silver ? The supply of silver appears

to be subjected to more extraordinary variations than any

ever known in the case of gold. The variation in the value

of silver within the last 20 or 30 years is not less than 40

per cent Am I right in contending that fixity

is the proper requirement of a standard of value ? If it is, I

want to know how you can improve that standard of value

which, under the severest circumstances, has never varied

more in this country than 3 per cent, or 4 per cent., by

associating with it a commodity which has actually varied

to the extent of 40 per cent."

It is necessary to point out, for the sake of clearness,

that Mr. Gladstone was wrong in fixing the period of the

alarm respecting the depreciation of gold as "40 to 45
years " ago, as the longer period would take us back to a

time antecedent to the gold discoveries, and the shorter to

a time when their effect on prices had not become apparent.

The actual period of alarm was from 23 to 35 years ago,

when Chevalier, Cobdcn, and Jevons were inquiring into

the subject. Mr. Cobden's translation of Chevalier's book
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on " The Probable Fall in the Value of Gold," was published

in 1859. In the introduction to his translation, Mr. Cobden

approvingly referred to a suggestion for the establishment

of life insurance companies on the basis of a silver standard,

and the fixing of leases and rents in terms of farm produce.

Let us examine the exact figures of the case put b}-

Mr. Gladstone. According to Soetbeer's " Materialicn," the

production of gold sprang from an average of 54,759 kilos.

per annum in the ten years 1841-50, to an average of

195,305 kilos, per annum in the twenty years 1851-70. This

was the "agony of trial" for gold to which Mr. Gladstone

referred. During the period from 1875 to 1893 the pro-

duction of silver has increased from an average of 1,654,000

kilos, for the ten years 1866-75, to an average of 2,930,000

kilos, per annum. 1 his has been the time of the "agony of

trial " for silver. Mr. Gladstone's contention is, that during

the former period gold was depreciated only 3 per cent.,

while, during the latter, silver has been depreciated 40 per

cent.

In dealing with this argument, it must first be pointed

out that Mr. Gladstone's statement that "the supply of

silver appears to be subjected to more extraordinary

variations than any ever known in the case of gold " is not

justified by the figures. In the "agony" time of gold the

average out-put of that metal was suddenly increased 257

per cent., maintained that increase for twenty years, and

then fell off, the average decrease during the subsequent

period, 1871-1892, being 17 percent. During the "agony"

time of silver the production of the white metal has

increased gradually, and the average increase for the

last 17 years, compared wath the previous ten years, has

been only ']'] per cent.

Turning now to the variations in the values of the two

metals, the fallacy in Mr. Gladstone's argument lies in the

fact that, in both periods, he compares the values of the
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metals in terms of each other. But such a method may,

obviously, give any result according to the point of view of

the investigator. If we imagine two elastic spheres, the

larger of which at a given point of time is 15^ times the

size of the other, and at a later period is 25 times the size,

we cannot possibly determine whether the variation is due

to the contraction of the one or to the expansion of the

other, except by comparison with a third body or group of

bodies. Thus, Mr. Gladstone tells us that as 3 per cent.

more gold was given for a certain quantity of silver during

the first period, gold had depreciated ; and that as 40 per

cent, less gold is given for the same quantity of silver in

the second period, silver has depreciated. There is no

reason why we should not say that gold depreciated in one

case and appreciated in the other, except in so far as we

rest on a priori reasoning from variations in production,

regardless of any other conditions (such as variation of

demand) affecting value.

In stating that during the "agony" period of gold,

silver rose from 5s. to 5s. 3d. per oz., Mr. Gladstone is in

error. Presumably he refers to the prices in the London

market. According to Mr. Stewart Pixley's well-known

table showing the monthly fluctuations since 1833 the

price of silver during the period in question never rose

above 62 ^d., and that price was quoted for only a few days

in March, 1859, and again for a few days in July of the

bame year. I have compiled the following table showing

the average price of silver in quinquennial periods from

1851-70, the period of maximum Californian and Australian

gold production :

—

Gold
Periods. Price of Silver.

per oz.

1851-1855 6iT\d.

1856-1860 6iifd.

1861-1865 6ij^d.

1866-1870 6oigd.
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The average price in 1850, in London, I may remark,

was 60 iV'-^-

The highest average price for any single year in the

whole period was 62yVd., in 1859, an average which was not

again attained during the whole twenty years, and that

extreme rise was only rg per cent, on the par price, 6o^d.

at the French mint. The next highest annual average

during the whole period wasGi)4^d., in 1858, a rise of r4

per cent. only. Moreover, it will be observed that the lowest

average in the above table for quinquennial periods was

that for the last five years, when an increase of 257 per cent,

in the out-put of gold had been accumulating for twenty

years, a fact which surely demonstrates that variation in

production was not a governing condition in determining

the relative value of the precious metals. But even if he

had given the exact variation in the London market, which,

as we have seen, was much less than 3 to 4 per cent, as

stated by him, Mr. Gladstone would not have done full

justice to the steadiness of gold in terms of silver during

that " agony " period. Had he taken the prices in the Paris

market he would have found that so far as his test is a

good one, gold remained absolutely unaltered during the

whole period. There was no time during which both the

metals were not sent to the French mint for coinage in the

ratio of 153^ to I ; no time when the French silversmith

could not obtain silver at the equivalent in French money

of 6o^d. per oz., neither more nor less. The reason is per-

fectly obvious ; it was the continued free mintage of both

metals in that ratio which kept the exchangeable value

steady in terms of each other, the variations in the London

market being simply equivalent to the costs of sending the

metal to or from the open Paris mint, that is, freight,

insurance, and interest. Taking Mr. Gladstone's test of

stability the conclusion is irresistible that the steadiness of

value of gold in terms of silver, during a period of 257 per
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cent, increase in the production of the yellow metal, was due

to the free mintage of both metals at a fixed ratio, and that

the enormous divergence of 40 per cent, during a subsequent

period of greatly diminished strain in the relative pro-

duction is a consequence of the abandonment of such free

mintage.

In order to ascertain the relative variations of value,

however, we must adopt Jevons's plan of testing by the prices

of commodities. As regards the " agony " period of gold,

Jevons conclusively showed that both silver and gold were

depreciated during that period by the increase in their joint

volume as money through the gold discoveries in California

and Australia. The prices of commodities in gold were

raised 16 or 18 per cent, and as the mutual exchangeable

value of gold and silver remained steady in the Paris

market, and, therefore, practically steady in the London

market, both metals were clearly depreciated to the same

extent in terms of commodities.

Coming now to the "agony" period of silver I have

extended the table testing the two metals by wheat—the

favourite .standard of Adam Smith and the older economists

generally—which I presented to the Society in 189 1. In

considering absolute variations in the value of either gold

or silver, it would, of course, be desirable to take a series

of commodities for comparison. But in estimating the

relative variation in the purchasing power of the two metals,

wheat alone is quite sufficient to yield correct results. In

extending my former table, I have worked out also the

respective quantities at the average prices of the period

1845-50, before the disturbing influence of the gold dis-

coveries, and prefixed the results to the table as a base line;

and I have carried forward the comparison to the present

date.
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Table showing weights of silver and gold respectively which would

exchangefor one quarter of wheat in the imderineutioned years,

calculated according to the average prices in the London market

in each year, gold being taken at the Bank of Englandprice of

jQ^, lys. gd. throughout.
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Table showing the appreciation iii the wheat-lniying power of gohi

a7id silver respectively at the prices in March, iSg^, as compared

7vith the tvheat-buying potver of each metal in the undermen-

tionedyears and periods.

Year.
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commodity like silver ; the cost of carriage being a much
more important element in the ultimate value of wheat than

in that of silver. On the other hand, an appreciation of 74
per cent, in the wheat value of gold since the same year, is

an unanswerable proof that the yellow metal possesses in

a far lower degree than silver, that " fixity" of exchangeable

value which Mr. Gladstone attributed to it. In comparing

with the period 1845-50 we must make allowance for the

removal of the corn duties.

It may, however, be suggested that there may be a

fallacy in merely comparing the prices of to-day with the

several previous years and periods enumerated, as there may
have been great fluctuations meanwhile ; or, in other words,

that a comparison of the prices at various dates with previous

periods might give results rather to the disadvantage of

silver than gold. I have, therefore, compared the wheat

value of each metal in each year and period with its value

in the preceding year or period in the table, in order to

ascertain whether in each case the appreciation has been

more or less steadily progressive. The following table gives

the results :

—

Table showing the depredation or appreciation in the wheat-buyitig

power of gold and silver respectively in each of the under-

mentionedyears andperiods as compared zuith the previous year

or period in the. table.

Year.
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It will be seen that the variation in the wheat-value has

been, since 1871, in each instance more extreme in the case

of gold than in that of silver ; and that in 1871, before the

demonetisation of silver, the wheat value of both metals was

depreciated to an approximately equivalent degree, but

that silver (taking the price in London where there was no

free mintage) was less depreciated than gold.

The figures vindicate Ricardo's prediction that silver

would prove a steadier standard than gold, and Cobden's

practical recommendation of silver as a standard of deferred

payments.

General Meeting, March 21st, 1893.

Professor Osborne Reynolds, M.A., LL.D., FR.S.,

Vice-President, in the Chair.

Mr. C. H. SCHILL, Merchant, Manchester, was elected

an ordinary member.
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Ordinary Meeting, March 21st, 1893.

Professor Osborne Reynolds, M.A., LL.D., F.R.S.,

Vice-President, in the Chair.

The thanks of the members were voted to the donors of

the books upon the table.

Mr. Faraday exhibited the original manuscript of a

proctor's bill of costs in connection with the proving of a

will, found by Mr. VV. E. Jowitt amongst some Devonshire

family papers, and dated January 9th, 1724, as follows :

—

Jlatlfiew ©fwec Dece'^^-

^foc Deawiiia iimliuccoiii fot tixe Com*''

awt) dueiiia out tnc 6a\nc n\idet oealc
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Ifot 3^: tfie mCf -...-..
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^ot lilccjtinpi tfie %\^iff atWotce^tei c^^jfee - 00 05 'lO

IE iff ftoui '^octotd Qomom in lioc J^elxo cO<:. 03 0^ 8
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" Mr. Frederick Hovenden recently brought a paper

before the Society in which he mentioned the occurrence of

motes in tobacco smoke, with wing-Hke appendages.

Mr. Gwyther and others, besides myself, examined tobacco

smoke with a view to confirming Mr. Hovenden's observa-

tions, but each of us failed to do so. Mr. Hovenden

communicated with me further, stating more definitely

the manner in which his experiment was made ; this

experiment I repeated, and succeeded in observing more

definitely the appearances which he mentioned. The smoke

was blown into a semi-circular cell attached to a microscope

slide, which was then closed by a piece of cork or cardboard.

The smoke from a cigar or cigarette being blown through

a tube into the cell, a considerable quantity of whirling

particles was at first observed, but nothing definite until

the cell was closed by the cork or cardboard ; the whirling

then ceased, and the particles or motes came into view, and

appeared to move round each other with a vibratory motion,

and gradually to fall to the bottom of the cell. I also observed

a distinct tail from each mote resembling a shadow going

from it in a vertical line behind it. The experiment I

made was nor done precisely in the manner described by

Mr. Hovenden, as there was considerable ground for doubt

as to what Mr. Hovenden's conditions exactly were, but I

can understand that with a different kind of illumination

two shadows or tails might be observed to each mote, which

might give the appearance of the wings which Mr. Hovenden

mentioned in his paper."

Mr. Thomson successfully repeated the experiment

before the members, several of whom saw and described

the motes and appendages.

A " Memoir of the late Carl Schorlemmer, LL.D., F.R.S.,

F.C.S.," by Professor HAROLD B. DixON, M.A., F.R.S., was

read in the absence of the author by Mr. P. J. Hartog, B.Sc.
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Memoir of the late Carl Schorlemmer, LL.D., F.R.S..

F.C.S. By Harold B. Dixon, M.A., F.R.S., Pro
fessor of Chemistry at the Owens College.

(Received March 21st, iSpj.)

Carl Schorlemmer was born at Darmstadt, in 1834. He
studied chemistry in his native town, and afterwards at

Giessen. At the age of twenty-four he came to Manchester

as private assistant to Professor Roscoe, and three years

afterwards was appointed Demonstrator in Chemistry at the

Owens College. His first research work, as assistant, was

the determination of the composition of the haloid acids

when their aqueous solutions were distilled under different

pressures. In 1861 he began his investigations on the

constitution of the light paraffin oils, which led him to

question the accepted view that there were two series of

isomeric bodies—the alcohol radicals, e.^., ' methyl,' ' ethyl,'

etc., and the hydrides of the radicals, e.^., hydride of ethyl,

hydride of butyl, etc.

The researches of Kolbe and Frankland between 1848

and 1850 led to the recognition of several new hydro-

carbons. Free " methyl " was obtained by the electrolysis

of acetic acid, and by the decomposition of methyl iodide

by zinc, and, secondly, a body of similar composition called

' hydride of ethyl ' by the action of zinc upon ethyl iodide in

presence of water. In 1850 Frankland wrote:

—

" I have described two separate series of hydrocarbons

isomeric with each other, the one consisting of the bodies which

I consider to be alcohol-radicals, and the other containing the

members of the marsh-gas family, which I regard, from the mode

in which they are formed, as the hydrides of these radicals, thus :
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are contained in the products of the distillation of coal at

low temperatures ; and I would venture the sugjTestion that

the so-called paraffins, which are likewise not acted upon by

strong acids, may prove to be the higher members of the

same series."*

Schorlemmer next showed, in a communication to this

Society, that American petroleum contained the same

hydrocarbons which he had isolated from cannel-tar. In

1863 he carefully examined the derivatives of heptane from

petroleum, and of ethyl-amyl prepared from the iodides of

ethyl-amyl. In the following year he proved that equal

volumes of chlorine and " methyl " gave, on exposure to

light, a volatile liquid boiling at I2°C., which, by analysis and

vapour density, he showed to be chloride of ethyl—C2HBCI.

He concluded from his experiments that only one series of

hydrocarbons existed having the formula C„H2„+2, but the

higher members of the series showed slight physical differ-

ences according to the mode of their preparation.

By 1868 the syntheses of various hydrocarbons by

Erlenmeyer, Butlerow, Friedel and Ladenburg, and by

Schorlemmer himself, led to an important advance. The

first three hydrocarbons of the marsh-gas series have no

isomers, the higher members may be divided into isomeric

groups, according to the mode of combination of the carbon

atoms. In the first group the carbon atoms are arranged

in a single chain. In the second group one carbon-atom is

combined with three others, i.e., the hydrocarbons contain

iso-propyl CH3.CH.CH3. The third group contain iso-

propyl tzvice ; the fourth group contain a carbon-atom com-

bined with four others. The boiling point of members of

the first group is higher than that of the corresponding

isomers, and a regular difference in boiling point is shown

to exist between the several members of the different

"Jour. Chem. Soc, 1862. Vol. XV., p. 427.
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groups. From a knowledge of their boiling points Schor-

lemmer was thus able to classify correctly certain hydro-

carbons whose constitution was then unknown.

In the same year he prepared normal propyl alcohol for

the first time, and gave a general method of proceeding

from the secondary to the normal alcohols.

In an important paper on the structure of the alcohols

in 1870, he showed that their constitution could be deter-

mined by an examination of their products of oxidation,

and he was able to show that when a higher hydrocarbon

of the marsh-gas series is treated with chlorine, a mixture

of a primary and of a secondary cJdoridc results. A careful

study of the action of bromine on the paraffins showed

(1877) that only secondary mono-bromides were formed.

His later work was mainly on the derivatives of hexane

and heptane. He showed that heptane from American

petroleum was identical with the heptane discovered by

Thorpe in the resin from Pimis sabiniana. But the hexane

prepared from mannite was shown to differ from the hexane

in petroleum, although both must be described as normal

paraffins. No explanation has yet been advanced to

account for the isomerism of these hexanes.

Of Schorlemmer's other researches the most important

are those on " Aurine " and its derivatives, and on

" Suberone," made in conjunction with Mr. R. S. Dale.

But Schorlemmer won distinction not only as a brilliant

experimenter, but also as an historian and a systematiser of

chemical facts. Few chemists have equalled him in his

deep and varied knowledge of scientific literature. His

" Chemistry of the Carbon Compounds," published in 1874,

was the first systematic treatise on modern organic chemistry

in the English language, and its clear, yet concise method,

makes the work still valuable. His little book, the " Rise

and Development of Organic Chemistry" (1879), is original,

and full of learning lightly put. He left the well-known
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"Treatise" unfinished ; but he left the MS.ofan "Introduction

to the History of Chemistry," which is being prepared for

publication.

Schorlemmer was elected a member of this Society in

1870, and served on the Council for several years. He was

elected into the Royal Society in 1871. In 1874 a Chair

of Organic Chemistry was created for him at the Owens

College. He died June 19th, 1892, aged 58.

This short record of Schorlemmer's life cannot be more

fitly concluded than by quoting the words of his friend and

colleague at the Owens College, Sir Henry Roscoe :

—
" He

was of a retiring, most modest, and unassuming disposition.

To only a few of his intimates, German and English, were

his true colours visible. As a laboratory teacher he was

excelled by few, merely as a lecturer by many. But

although, like some other eminent lecturers, his diction may

have been faulty, the staple article was there, and I never

met a real student amongst all those who passed through

his hands who did not express his admiration for the man,

and his sense of the obligation which he felt for the

masterly instruction Schorlemmer always gave."

List of Papers by Prof. Carl Schorlemmer.

1. On the hydrides of the alcohol-radicals existing in the products

of the destructive distillation of cannel coal. Chem. Soc.

Jour., 1862, p. 103.

2. On the chemical constitution of American rock-oil. Mmich.
Lit. and Phil. Soc. Proc. III., 1862-3, P- i57-

3. On the derivatives of hydride of heptyl. Chem. Soc. Jour.,

1863, p. 216.

4. On the chemical constitution of the so-called alcohol radicals.

ChejH. Soc. Jour., 1863, p. 425.
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5. On the action of chlorine upon methyl. Roy. Soc. Froc, 1864,

p. 225.

6. On the identity of methyl and hydride of ethyl. Chew. Soc.

Jour., 1864, p. 262.

7—13. Researches on the hydrocarbons of the series C„K2„+2.

Parts I., IL, III., IV., V., VI. and VII. Roy. Soc. Froc,

1865, 1868, 1870, 1871.

14. Notiz iiber Araericanisches Steinol. Zeltschr. f. Ch., 1865,

p. 242.

15. On a new series of hydrocarbons derived from coal-tar, Roy.

Soc. Froc, 1866, p. 132.

16. Note on the hydrocarbons contained in crude benzol. C/ie>n.

Soc Jour., 1866, p. 356.

17. On ethyl-hexyl ether. C/ie»i. Soc Jour., 1866. p. 357.

18. On the amyl compounds derived from petroleum. Roy. Soc.

Froc, 1867, p. 131.

19. Ueber Di-isopropyl und Amyl-isopropyl. Zeitschr. f. Ch.,

1867, p. I.

20. Ueber die Einwirkung von Chlor auf Di-isopropyl. Zeitschr.

f. Ch., 1867, p. 75.

21. Ueber dieUmwandlung der Isopropyl verbindungen in normale

Propyl verbindungen. Zeitschr. f. Ch., 1868, p. 49.

22. On the constitution of capryl alcohol from castor oil. Roy.

Soc Froc, 1868, p. 376.

23. On the derivatives of Propane. Roy. Soc. Froc, 1869, p. 372.

24. On the constitution of hypo-sulphurous acid. Chon. Soc Jour.,

1869, p. 354.

25 Formation of cetyl alcohol by a singular reaction. Roy. Soc.

Froc, 1881, p. 22.

26. On aurine. Chem. Soc. Jour., 1871. (With Mr. R. S. Dale.)

27. On aurin. Chem. Soc. Jour., 1873.

28. Transformation of aurin into rosaniline. Chevi. Soc. Jour.,

1877 (2), p. 121.
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29. Aurin. Dent. Chan. Ges. B. XL, p. 708.

30. Aurin. Dent. Chem. Ges. B. XL, p. 1556.

31. On aurin. Chem. Soc. Jour., 1879, P- 14^-

32. Transformation of aurin. Chem. Soc. Jour.., 1879, p. 562.

33. Aurin. Chem. Ne^vs, XXXIX., p. 244.

On the normal Paraffins.

34. Part I. Phil. Trans, 1872.

35. Part IL FhiL Trans., 1878.

36. Part IIL Phil. Trans., 1880.

37. Part IV. Phil Trans., 1883. (With Prof. Thorpe.)

[Also Annalen 217.]

38. The chemistry of the hydrocarbons. Chem. Soc. Jour. .^ 1872.

39. Formula of lead chamber crystals. Chem. Soc. Jour., 1872,

p. 627.

40. Normal primary heptyl alcohol. Roy. Soc. Proc, 1873, P- 393*

(With Mr. H. Grimshaw.)

41. On the heptanes of petroleum. Chem. Soc. Jour., 1873, P- 3i9*

4.2. Oenanthylic acid. Chem. Soc. Jour., 1873, p. 617.

43. Oenanthylic acid and normal heptyl alcohol. Chein. Soc. Jour.,

1873, p. 1073. (With Mr. H. Grimshaw.)

44. Methyl-hexyl carbinol. Chem. Soc. Jour., 1874, p. 1029.

45. Suberone. Chem. Soc. Jour., 1874, p. 935. (With Mr. R. S.

Dale.)

46. Note on the boiling point of methyl-hexyl carbinol. Chem. Soc.

Jour., 1875, p. 209.

47. An improved method for preparing marsh-gas. Manch. Lit.

and Phil. Soc. Memoirs \\\\.\ 5, 1873.

48. The chemical constitution of bleaching powder. Manch. Lit.

and Phil. Soc. Memoirs [IIL], 5, 1873.

49. Remarks on Mr. Morgan's paper on the paraffins from Penn-

sylvanian petroleum. Chem. Soc. Jour., 1875, P* 3°6.
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50. Mr. Grove's method of preparing chlorides. Chem. Soc. Jour.,

1875, P- 308.

51. Isodulcite. Deut. Chem. Ges. B. XI., p. 11 97.

52. Note on safranine. Chem. Soc. Jour., 1879, p. 682. (With

Mr. R. S. Dale.)

53. Suberic and azelaic acids. Chem. Soc. Jo2ir., 1879, p. 683.

(With Mr. R. S. Dale.)

54. On the origin of the word chemistry. Mauch. Lit. and Phil.

Soc, III., 7, 1879.

55. Action of HCl on ethylene alcohol. Chejn. Soc. Jour., 1881,

P- 143-

56. The phenates of amido bases. Chem, Soc. Jour., 1883, p. 185,

57. Thionyl chloride. Chem. Soc. Proc, 1885, p. 52.
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Some recent developments in the application of Salts

of Iron to the Purification of Sewage. By Harry

Grimshaw, F.C.S.

(Received May ph^ i8gj.)

In a previous communication to this Society, I called

attention to the action of the perchloride of iron upon the

albuminoid bodies which constitute the principal polluting

material in sewage and similar waste waters, and showed

that the basic perchloride or oxychloride, Fe2Cl6'xFe230H,

appears to possess very great precipitating powers in this

relation, the action being much quicker and more effectual

than that of the normal perchloride FegCle.

In the present communication I give the results of

further work in the laboratory, and on the large scale, in

relation to the action of the basic salts of iron upon sewage.

There being certain technical points which render the

basic persulphate of iron more easy to produce and to

manipulate, and also less expensive, attention has been

devoted to this salt more especially, in place of the basic

perchloride.

With regard to the action of these two substances upon

the albuminoid matters of sewage, that of the basic per-

sulphate appears to be even more marked than that of the

basic perchloride.

In considering the question of the purification of sewage

by the use of the persalts of iron, that is ferric sulphate

or ferric chloride, we find, in the first place, that the chief

difference between these compounds and the subsulphate

(copperas) or subchloride of iron is that the persalts, instead

of taking up oxygen from the water or sewage, as do the

subsalts of iron, are in the highest possible stage of oxida-

tion, and so are induced, under suitable conditions, to part

o



200 Mr. Harry Grimshaw 07i

with their oxygen to the sewage instead of robbing it of its

oxygen. This is a very important property, as it is

acknowledged on all hands that oxidation of sewage means

purification, and it is a significant fact, as will be seen later,

that in the presence of oxygen those organisms (bacteria)

which, so to speak, burn up and destroy the sewage matters

are enabled to flourish, whilst without oxygen, or with a

limited supply, the germs of putrefaction and decay are

encouraged in their growth
;
giving in the one case inno-

cuous products, such as carbonic acid gas and water, and in

the other carbonaceous and sulphurous gases, which are so

dangerous and offensive. The germs of life flourish in the

presence of oxygen, those of disease and death in its absence.

The ordinary persulphate Fe2(So4)3 and perchloride

FcaCle have been used experimentally at different times,

the largest trials recently having been carried out at Salford,

where the perchloride of iron was used.

In the majority of cases it is necessary to use a certain

amount of lime in treating sewage with these salts, but not

nearly so much as is the case with sulphate of alumina on

" copperas." The precipitation takes place at once, and the

rate of subsidence is good, the sulphur compounds are

absorbed, and a fair purification effected without filtration.

A most exhaustive and accurate comparison of the action

of lime, alum, copperas, and persulphate of iron upon sewage

was carried out in 1890 by the Massachusetts State Board

of Health, whose report is a model research on the sewage

question. This investigation into the action of chemical

precipitants resulted in the following general conclusions :

—

" The lime process has little to recommend it. Precipita-

tion by copperas has produced some satisfactory results.

Ferric sulphate and alum are to be preferred to either of the

before-mentioned compounds, while chief preference is to

be given to ferric sulphate as a precipitant.

"With 1,000 lbs. of alum per million gallons, costing 45
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cents per head of population per annum, about 45 per cent,

of soluble albuminoid ammonia was removed, 90 per cent,

of the bacterial germs, and nearly all the suspended matter.

" With 400 lbs. of ferric oxide in the form of persulphate

of iron, costing 44 cents per annum, about 50 per cent, of

the soluble albuminoid ammonia was removed, 95 per cent,

of the bacteria and all the suspended matter.

" Taking an equal cost per annum, alum removed 29 per

cent, and ferric sulphate 41 per cent, of the total impurity."

At the time of making these trials, the Massachusetts

Board were not acquainted with the most recent develop-

ment of the persalts of iron, namely, the basic per-

salts of iron ; that is to say, the chloride or sulphate,

preferably the latter, charged with an excess of oxide

of iron. The oxide of iron is the real agent in the

precipitation and oxidation of the organic matter, and

hence the advantage of this form of iron compound.

The peculiar nature of these compounds causes them to be

very readily split up, and their combination with the foul

matters of the sewage is therefore very rapid and complete.

The precipitate is also rendered heavier, and a clearer effluent

without filtration is obtained. The excess of oxide of iron

renders the addition of lime almost entirely unnecessary,

which, of course, is advantageous, and causes but little solid

matter to be added to the weight of the sewage sludge.

A striking experiment showing the difference between

the basic and neutral persulphate of iron, is the addition of

about one cubic centimetre of a solution of these salts to

two cylinders of water (about 500 cc. each). The latter

simply colours the water, whilst the iron of the former is

immediately deposited out of solution principally as ferric

hydrate. The sludge from the basic-iron process possesses

very considerable immunity from after decomposition, owing

to the presence of the hydrated peroxide of iron, which is the

only solid matter which finds its way into the sludge. This
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body retains the noxious sulphur compounds, and also acts as

a carrier of oxygen to the organic matter, which it therefore

tends to destroy by a slow process of combustion. That

the moist peroxide of iron has this property has been long

known to chemists'*. It would appear that the basic

sulphate of iron fulfils remarkably well the various require-

ments of a precipitant for sewage, which may be said

to be :

—

1. Immediate combination with the organic matter of

the sewage.

2. Rapid subsidence of precipitate so formed.

3. Power to combine with the sulphur compounds.

4. No tendency to rob the sewage of dissolved oxygen.

5. Powers of oxidation on the organic matterof the sludge.

6. The property of leaving the effluent in a good con-

dition for nitrification to take place during or after filtration.

7. Little addition to weight of sludge.

8. Cheapness.

Below are tables of results of analyses of sewage and

waste waters from manufactories which have been treated

with this latest development of the iron process at Salford,

Derby, Burton, Nuneaton, Astley Bridge, etc. After

seeing the results of experimental working at the Salford

Sewage Works, that Corporation have decided to apply

the basic-iron process to the whole of the sewage.

Average percentage purification at Salford treating

100,000 gallons per day for about 4 months :—Precipitation

only, 55 per cent; with sand filter, 68 per cent; with

•"Thorpe's Chemistry," Vol. II., p. 376. "Ferric hydrate is reduced

by organic matter in process of decomposition, but in contact with air it is

quickly reoxidized, and it thus acts as a carrier of oxygen from the air to the

organic matter, and greatly promotes its decomposition. The rapid decom-

position of human and woody fibre in many ferruginous soils is thus brought

about."

"Watts' Dictionary of Chemistry," Vol. III., p. 58. " In contact with de-

caying organic matter the ferric hydrates part with oxygen, but take it up again

on exposure to air."
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ozonite filter, 'j^ per cent. It should be noted that the

above percentages of purification are upon the sewage after

settling for 12 to 24 hours, and upon the raw sewage would

be some 15 per cent higher. The percentages, therefore,

are really of soluble albuminoid ammonia removed.

The Tables appended will explain themselves, and I

hope on another occasion to give some further results from

the treatment of ten million gallons per day of sewage at

the Salford Works.

Table I.

Salford Sewage and Effluents, after treatment zvith Basic Per-

sulphate of Iron. 100,000 gallons treated daily iviiii i^ grains

per gallon. Results expressed in parts per 100,000 of Albu-

mi?ioid Ammotiia.
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Table II.

Sewage a7id Wasie Waterfrom Manufactories in various districts,

before a7id after treatmefit. Parts per 100,000 of Alb. Ammonia.

Mode of Treatment.

13

Place, &c.

Basic Iron.

Basic Iron.

Basic Iron.

Basic Iron.

Basic Iron.

Lime

Basic Iron.

.Sulphuric Acid

Do. and Basic
[

Iron
J

Basic Iron

Basic Iron.

Irrigation.

.

Basic Iron.

Derby
Burton
Nuneaton

Do
Astley Bridge. ..

Do.

f Astley Bridge
[

(^ Lime Elfluent
J

/Wool Scourer's
[

\ Liquor
J

Do.

^
Wool Scourer's

'I

"j Liquor treated !-

Iwith Vitriol ...)

fFelmonger's [

\^ Liquor
J

Hinckley
Do

Parts
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impurity is suspended and will settle out by itself, and,

therefore, no treatment by land or otherwise should be

credited with this part of the purification. Irrigation

removed 62^ of the soluble albuminoid matters, precipi-

tation by iron removed 73%, whilst precipitation and

irrigation together removed the large amount of 81 per

cent, the irrigation effluent itself being improved 70%.

Table IV.

Results of Treatment of the Sewage of Astley Bridge, near Bolton

(180,000 gallons per day) unth Basic Persulphate of Iron at

the rate of one ton per niillion gallons, together ivith J cwt. of

lime per million gallons.
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Ordinary Meeting, April 4th, 1893.

James Bottomley, B.A., D.Sc, F.C.S., Vice-President,

in the Chair.

The thanks of the members were voted to the donors of

the books upon the table.

Reference was made to the death of Mr. J. S. Crowther,

elected a member in 1849.

It being the Easter holiday period the attendance was

very small, and after a conversation on some peculiarities of

human vision, the meeting was dissolved.

The substance of the following note (received April 6th,

1893), "On the Suspended Impurities in Manchester

Water," by Mr. WiLLlAM THOMSON, F.R.S.Ed., was

brought before the Society at the meeting on December

13th, 1892 :

—

" No attempt, so far as I know, has been made to deter-

mine the quantity of suspended impurities in Manchester

water, for the reason that little or none of these impurities

will settle, and the ordinary methods of separating them by

filtration through filter paper is impossible
; first, because

much of the suspended matter would pass freely through

the paper at the beginning of the filtration, and secondly

because the pores of the filter paper would soon become

blocked up, so that no water would pass through it at all. The

quantity of suspended matter in Manchester water is very
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small, and to obtain reliable figures it is necessary to filter a

large quantity of it to obtain a moderate quantity of the solid

matter so that it can be weighed and examined. On
making some experiments with the Berkefeld filter, which

is made of Kieselguhr or fossil earth, I found that the

smallest of the microbes, or other particles, were arrested,

and the water sterilized. I observed that the water was

filtered so rapidly that a large quantity could be passed

through the filter in a few hours before it began to get

blocked up ; thus in one experiment I filtered 36 gallons in

6}i hours, whilst only 24 more were filtered during the

following 120 hours (five days). The suspended matter

was of a black- slimy nature, and on microscopical exami-

nation was found to contain bacteria and animalcules,

amongst which were diatomacea;, monads, etc. The water

contained from 003 to O'l grains, i.e., from yfoths to yWhs
of a grain per gallon of total suspended matter, of mineral

and of organic origin. Sometimes there was a larger

quantity of mineral than organic matter, and sometimes the

reverse. The following are the figures obtained from the

water examined at my laboratory in Princess Street,

Manchester :

—

Grains per Gallon—1892.

g Dec. JO Dec. ib to 31 Oct. 8 Dec. 12 Dec_

Total Solid Matter in suspension o'looi o'0386 o'oSgG o"o373 o'o6io

Which is composed of :

—

Organic Matter, Combined

Water, etc o'0357 ... o'0292 0'02i7 0*0395

Mineral Matter 0-0644 ••• o'o6o4 o'oioa o'02i5

Totalamountofwater filtered (gals. ) i7'8 3S'o 6075 35-2 20"5

When a beam of light was passed through the water

contained in a large glass globe, before filtration it appeared

turbid, the course of the beam of light passing through

being well marked ; after filtration, however, the water

appeared quite free from turbidity, and the course of the

beam of light in the filtered water could not be followed.



2o8 Proceedings.

The filter is made in the form of a candle, and the

suspended matter deposits itself on the outside surface, the

water being forced through the walls of the candle (which

is hollow) runs out of the orifice or tube connected with the

interior : the suspended matter is thus left as a slimy-

deposit on the surface of the candle to the thickness of yVth

to an |th of an inch. This deposit, when washed off, pro-

duces an almost black liquid, the black substance from

which settles to the bottom, as a black mud in appearance,

but on being shaken up rises in the liquid as black clots,

which soon break up and distribute themselves equally

throughout the water."
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Annual General Meeting, April i8th, 1893.

Professor ARTHUR SCHUSTER, Ph.D., F.R.S., F.R.A.S.,

President, in the Chair.

Mr. F. E. Brown, Mathematical Master, the Hulme

Grammar School, Manchester, was elected an ordinary

member.

The Annual Report of the Council was presented and

amended, and it was moved by Mr. H. Grimshaw, F.C.S.,

seconded by Mr. J. J. ASHWORTH, and resolved :
—

" That

the Annual Report as amended be adopted, and printed in

the Society's Memoirs and Proceedingsr

It was moved by Dr. G. H. Bailey, seconded by Mr.

W. E. HOYLE, M. A., and resolved :
—

" That the system of

electing Associates of the Sections be continued during the

ensuing session."

The following gentlemen were elected Officers of the

Society and members of the Council for the ensuing year :

—

President.—Arthur Schu.ster, Ph.D., F.R.S., F.R.A.S.

Vice-Presidents.—Edward Schunck, Ph.D., F.R.S.,

F.C.S. ; Osborne Reynolds, M.A., LL.D., F.R.S., &c.

;

James Bottomley, B.A., D.Sc, F.C.S.
;
James Cosmo

Melvill, M.A., F.L.S.

Secretaries.— Yv^ED'EAKicvi James Faraday, F.L.S.

,

F.S.S. ; Reginald F. Gwyther, M.A.

Treasurer.—CHARLES BAILEY, F.L.S.

Librarian.—FRANCIS NICHOLSON, F.Z.S.

OtJier Members of the Council.—HAROLD B. DiXON,

M.A., F.R.S. ; Alexander Hodgkinson, M.B., B.Sc.
;

John Boyd
;
John F. W. Tatham, M.A., M.D. ; Alderman

Joseph Thompson ; Francis Jones, F.R.S. Ed., F.C.S.
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Ordinary Meeting, April i8th, 1893.

Professor Artpiur Schuster, Ph.D., F.R.S., F.R.A.S.,

President, in the Chair.

The thanks of the members were voted to the donors of

the books upon the table.

It was moved by Mr. ALEXANDER HODGKINSON, M.B.,

B.Sc, seconded by Mr. Alderman JOSEPH Thompson, and

resolved :
—"That the Secretaries be requested to forward

to Mr. Henry Wilde, F.R.S., an expression of the

respectful sympathy of the members with him in his recent

bereavement through the death of Mrs. Wilde."

The following extract from a letter addressed to Dr.

Schunck by Mr. Flinders Petrie, with reference to some

statements contained in the paper by the former entitled

" Notes on some ancient dyes," was read to the meeting :

—

" Some one has not given very precise information to you

about the Egyptian fabrics. The pieces which Mr. Darbi-

shire took from my collection for your purpose were all

from Illahun (which is a few miles from Gurob), in Middle

Egypt, some 40 miles south of Cairo. Their date is prob-

ably the seventh century A.D. They were all from open

graves of slight depth (one to three feet) and were the actual

clothes of the persons, worn by them during life, in which

they were buried, without any coffins or mummification.

The dryness of the air and soil has caused the bodies to

shrink to a leathery state, with little or no escape of fluids
;

hence the textiles show but little trace of their contact with

the body."

Dr. Schunck stated at the same time that he had

received from Mr. Flinders Petrie a specimen of a bright

yellow fabric from the same locality as those previously

examined. The material he found to be woollen, but the
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quantity of the fabric placed at his disposal was not sufficient

to enable him to identify the colouring matter employed in

the production of the dye, not an easy matter under any

circumstances in the case of yellow dyes. All he could say

was that the mordant employed in dyeing this colour was a

mixture of alumina and oxide of iron, and that the dye

contained fatty as well as colouring matter.

Mr. Harry Grimshaw, F.C.S., exhibited some varieties

of forms of crystallisation of ammonium chloride, under

varying conditions of concentration of the solution from

which the crystals were obtained, and under varying con-

ditions of temperature and rate of cooling of the liquid. The

most interesting, from a technical point of view, was a mass

of crystals which had assumed the form and substance of the

sublimed ammonium chloride, or sal ammoniac of commerce,

as, if it were possible to always obtain this form, the necessity

for sublimation might be done away with.

The following note " On the k-partitions of R and

of the R-gon " was read by the Rev. Thomas P. KiRKMAN,

M.A., F.R.S. :—
" In my endeavour to complete, as I believe I have com-

pleted, what has been hitherto imperfectly done in partitions

into a finished theory, I have been most agreeably surprised

by the discovery, with satisfactory proof, of the following

Theorem :—If /^ and x be any two numbers, equal or not, and

if ,,tR^ stand for the sum of all possible permutations of ^Q

the /^-partitions of x, whose parts are positive or zero and

may be repeated—then

fc1R, = the k'" coefficient in (i-l-i)"+^-'

e.g., x= 5, /^= 3, the 3-partitions of 5,

005, 113, 221, 014, 023=3Q3,

whose permutation symbols are

yaab A- 2abc,

give, as products of partitions and their permutations,
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3lR5 = 3"3 + 2-6 = 21,

which is the third coefficient in

(l + l)*^"*"^"^ = I + 7 + 21 +. . . .

Again,

000005 000014 0001 13 111002

IIIIIO 000023 000221 =6Q6

are the 7 6-partitions of 5, whose permutation symbols are,

indices being read as multipliers,

icv'b + 2a'^bc + ^cC'b'''c,

giving the product,

6lR5=2-6-t- 2-30 + 3-60 = 252,

which is the 6th coefficient in

(i + i)^"*"*^"^ = I + 10 + 45 + 120 + 210 + 252 +. . .

" These examples, even if they w^ere a thousand, are no

rigorous proof of the above theorem. We require a non-

tentative demonstration. Such a one I have, but it pleases

me neither by its brevity nor by its elegance. I content

myself, for the present in this brief abstract, with begging

the aid of mathematicians in finding a neater proof before

trial, for every x and k, or, if possible, a disproof.

"Thistheorem,sent by me withoutdemonstration, appeared

in the Educational Times in August last. My study of these

permutations of the partitions of the number R has given

me the mastery of a far more difficult problem, the k-

partitions of the R-gon. I shall soon have the honour to

present to this Society the correct answer to the following

question :

—

"In how many different ways, symmetric or not, can an

R-gon be partitioned hy k- i diagonals, none crossing

another, into k faces, viz., into a^ triangular, di 4-gonal,

as 5-gonal, &c., &c., faces, so that a diagonal or diagonals

shall occupy every angle of the R-gon, except the vertices

of m marginal triangles, w<or = ^3?
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"Has any mathematician observed that, forty years ago

in these J/^;;/o/>j- (Vol. XII., 1853-4, p. 129), appeared a

demonstrated formula of three terms, by which the tabula-

tion to any extent of ,,Pj. (the /^-partitions of ,f, from which

zero parts but not repetitions are excluded) is made an easier

task than any yet invented for little boys in Algebra or

Arithmetic ? No number is therein required to be written

which is not the exact sum of two given numbers already

entered in their places. The expression of ^Fx in x, in the

paper above quoted, was a superfluous exhibition of brute

force. Its author had the pleasure of knowing that,

whenever and so far as the numbers ,c^^, kKx, are wanted,

they will be rapidly tabled by his formula. There is a

similar formula of three terms lor the tabulation, if required,

of the numbers ^O^ ; but these can be instantly obtained

from the table of ^P^, as can also the numbers of the par-

titions in which no part is repeated."

A paper entitled " Notes on a small collection of plants

made by Mr. J. Cardwell Lees in South-west Colorado," by

James Cosmo Melvill, M.A., F.L.S., was also read.
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Notes on a small collection of Plants, collected in

S. W. Colorado, by Mr. J. Cardwell Lees. By

James Cosmo Melvill, M.A., F.L.S.

{Received April i8th, i8gj.)

From April till August, 1892, Mr. Cardwell Lees, of

Alkrington Hall, Middleton, was one of a surveying party

in South Western Colorado, near where the boundaries of

this state, Arizona, and New Mexico meet.

The country traversed seems to have been only visited

previously, so far as the formation of botanical collections is

concerned, by Hayden's U. S. Exploring Expedition about

nineteen years ago.

It is extremely mountainous, and intersected by pro-

found chasms, gorges, and precipitous canons—being

consequently very arduous to traverse, the maximum height,

perhaps, being not far short of 10,000 feet, but most of the

plants to be enumerated were obtained at from 3,000 to

6,000 feet.

The geological formation, for the most part, is mountain

limestone.

To the north, the valley of the San Miguel River may
be considered the head-quarters of the expedition ; and to

the south of this, the Uncompahgre region. Long. 108° N.,

Lat. 38° W.

Under very exceptional difficulties this interesting

little collection was gathered by Mr. Lees, the specimens

being well selected and well preserved, and partly no doubt

owing to the very dry atmosphere, the colours of the

flowers have been marvellously retained.

Though not a large collection, it affords a very fair
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proportion of the characteristic famiHes of the Rocky

Mountain area : and, with one or two exceptions, I have

been able, with the aid of my own Herbarium, which is rich

in representatives of the North American Flora, to name

with certainty the specimens collected. Very nearly all of

them have a wide range throughout the State of Colorado,

extending to the north into Montana, and southwards to

New Mexico and Arizona. A few are also inhabitants of

the Eastern States ; and no less than five also occur in

Great Britain. These are Calystegia sepium, Huniulus

Lupnlus, Galium boreale, Achillea Millefolium, and Equise-

tuvi arvense.

No specimens of Graniina or Filices are represented.

CATALOGUE OF THE PLANTS COLLECTED.

The arrangement followed is that of Dr. Coulter in

Rocky Mountain Botany.

RaNUNCULACE/E.

Clematis ligusticifolia (Nuttall).

TJialictrum Corfiuti (L.).

Capparidace.i=:.

Cleomella Sonorcs (Gray).

Most probably this species, but not in very satisfac-

tory condition.

Malvaceae.

Malvastrum coccineum (Gray).

This was submitted to Mr. Edmund G. Baker, F.L.S.,

who pronounces it a narrow-leaved silvery form of the

above. All my own specimens shewed the leaves much
broader and less divided.

Geraniace.^e.

Geranium avspitosum (James).

A handsome purple flowered form.

Rhamnace^.
CeanotJtus Fendlet'i (Gray).

P
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SAPINDACEyE.

Negundo aceroidcs (Moench).

In no way differing from the more Eastern form.

Anacardiace^.

Rhus Toxicodendron (L.).

The well-known Poison Oak or Ivy.

Rhus glabra (L.).

Leguminos^.

Thermopsis viontana (Nutt).

This is, according to Coulter, Manual of Rocky

Mountain Botany, p. 52, the T. fabacea of Hayden, Rep.

1872. It seems a distinct species, and must be very showy

when in flower with its large yellow lupin-shaped flowers.

Ltipinus argenteus (Pursh).

A widely-distributed species, with silvery pubescence,

and pale blue flowers.

Onagrace.e.

Epilobiuni paniculatuni (N u ttal 1 ).

An annual form, with but few flowers, at the summit

of almost leafless branches.

OenotJiera Missoicriensis (Sims).

A handsome large yellow-flowered species.

CORNACEyE.

Cornus stolonifera (Michx).

This is the C. pubescens of King and Hayden's

reports.

RUBIACE^.

Galium boreale (L.).

In no way differing from the ordinary British form.

COMPOSIT.'E.

Gutierrezia Euthamice (T. & G.).

Chrysopsis villosa (Nutt.).

Two forms of this variable species, of such wide

distribution over the Pacific Slope.
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Bigelovia graveolens (Gray).

„ Donglasii (Gray).

Two nearly allied species.

Solidago Canadensis (L.).

van : procera (Torr & Gray).

A handsome plant, tall and showy.

Aster Fendleri (Gray).

Aster sp. allied to Sibiricns Z., but with narrower leaves.

Erigeron divergens (T. & G.).

Erigeron inacj'antJms (Nuttall).

This last with very handsome many-rayed large

purple flowers.

Rudbeckia laciniata (L.).

Wyethia Arizonica (Gray).

A tall Helianthoid species, with bright yellow flowers,

oblong lanceolate leaves, and pubescent throughout.

Gyinnoloniia vinltiflora (Bentham & Hooker).

With larger flowers than the more ordinary form, but

the species is polymorphous. It is the Helionieris of Nuttall.

HeliantJuis annuns (L.).

Heliantlius lenticularis (Douglas).

These two are probably forms of one species, and as

such have been united by most modern botanists.

Achillea MillefoliiLin (L.).

More robust than the normal European form.

Artenusia Ludoviciana (Nuttall).

A form of this Protean species—the Sage Brush.

Senecio eremophilns (Richards).

A species endemic in Colorado.

Cnicus ochrocentncs (Gray).

Apocynace^.
Apocymini androsceniifoliuvi (Linn.).
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ASCLEPIADACE.^.

Asclepiodora dectimbens (Gray).

Asclepias speciosa (Torrey).

Two very handsome species.

Gentianace^.

Gentiana affinis (Grisebach).

Ditto var.

This latter of more compact growth, leaves partially

imbricate, and smaller in all its parts.

POLEMONIACE/E.

Gilia (Collomia) linearis (Gray).

„ „ aggregata (Sprengel).

Described by Mr. C. Lees as being extremely beautiful

with its scarlet flowers, and growing in the most arid

situations imaginable.

BORRAGINACEiE.

Lithospernium multifioruin (Torrey).

CONVOLVULACE/E.

Calystegia sepiiim (R. Br.).

Not apparently differing from British specimens.

SCROPHULARIACE/E.

Pentstemon aziireus (Bentham).

With large blue flowers, andjglaucous foliage,

Minmlus Janiesii (Torr. & Gray).

This appears to be the M. glabratus (Auct.), a small

flowered, rather insignificant, species.

Castilleia linaricefolia (Bentham).

With calyx coloured red-crimson ; one of the hand-

somest of the ' Painted-cups.'

Orthocarpus lutais (Nuttall).

Orthocarpus an. var. prcec. ? Similar in foliage and

growth, but flowers whitish.
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Cordylanthus ramosiis (Nutt.).

Only a fragment of this well-marked species.

Labiate.

Mentha Canadensis (L.).

Monarda fistulosa (L.).

The typical form of this variable and widely-spread

plant.

Nyctagine^.

Oxybaphns augustifolius (Sweet).

POLYGONACE/E.

Eriogonnvi tinibellatuni (Torrey).

Very fine specimens of this beautiful species.

Eriogonwn tenellum (Torrey).

A form.

Eriogonnm sp.

A handsome form, with long peduncled leaves, white

woolly underneath, and terminal spikes of white and pink

flowers.

EUPHORBIACE^.

Euphorbia inontana (Engelmann).

Urticace^.

Htiinulus Ltipuhis (L.).

A very luxuriant form.

LlLIACE^..

Allium cernuiun (Roth.).

Smilacina stellata (Desf ) var. baccis rubescentibiis.

Evidently this species, which I have gathered

abundantly in the North Atlantic States, but the berries

are red.

CalocJiortus Gunnisoni (Watson).

Petals pale lilac.

EQUISETACE/E.

Equisetuni arvense (L.).



220 Proceedings. ^

[Microscopical and Natural History SectioJi.']

Ordinary Meeting, October 4th, 1892.

The President of the Section, Mr. R. E. CUNLIFFE,

in the Chair.

Mr. J. C. Melvill exhibited an abnormal specimen

of Ranunculus bullatus (L.) from the ruins of the Greek

Temple at Taormina, just below the Straits of Messina,

N.E. coast of Sicily ; found January, 1892, by Miss Louisa

Copland and Miss C. Birley. Specimens of the normal

condition of the plant were also shown for comparison.

Mr. Melvill also exhibted a specimen of Trachelium

Cceruleum (L.) found during the summer in Guernsey by

Mr. Buchanan Brown.

Mr. Hyde submitted the following list of plants found

growing in the Manchester Infirmary enclosure in 1892 :

—

Plantago major. Rumex obtusifolius.

Achillia millefolhim. Polygonum perskaria.

„ ptarmica. Rumex ncetosa.

Tussilago farfara. „ acetosella.

Leontodo7i taraxamm. Poa annua.

Ranunadus acris. Senecia vulgaris.

Pyrethritm inodorum. Trifoliuni repens.

Stellaria media. Capella Bursa pastoris.

In addition to Poa annua there were two or three

other grasses, the flowering being, however, over when they

were seen. The following cultivated plants were found

growing near the Infirmary :

—

Resida odorata. Sambucus ?iigra.

Saxifraga umbrosa. Ligustriim vulgara.

Primula auricula. Polygonum orientate.

Malcomia Maritima. Ulmis sp.

Tropceolium majus. PopJilus sp.

Calendula officinalis. Crattcgus oxyacantl/a.

Rhododendron ponticum. Fraxinus excelsior.
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Mr. Rogers exhibited a specimen of Butiinus oblongus

and its eggs ; also fossil shells from Fordingham, Lincoln-

shire.

Mr. Hyde showed a specimen of shale, from Stockport,

found in a bed of sand 8 or 10 feet from the surface, covered

with rootlets, which, Mr. ROGERS suggested, might be the

Mycellium of a fungus.

Mr. Chadwick exhibited under the microscope living

specimens of the Scyphistoma stage in the development of

a Scypho-medusa.

{^Microscopical and Natural History Sectioii\.

Ordinary Meeting, November 7th, 1892.

The President of the Section, Mr, R. E. Cunliffe,

in the Chair.

Mr. G. H. Broadbent, M.R.C.S., was elected an

associate of the Section.

Mr. Hyde exhibited specimens of strayed plants found

in the neighbourhood of Manchester.

LiJium iisitatissimum. Coriandrwn satiormn.

Hesperis matrojialis. Sila?is pratensis.

Pi7npi7iella anisum.

Mr. Stirrup exhibited specimens of nodules, found in

the coal measures, of iron pyrites from the chalk, Crayford,

Kent ; of flint nodules from Ventnor ; and a coral from

Ilfracombe.

Mr. Rogers exhibited a black orange (both inside and
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out). It was suggested that the colour and condition might

be due to a microscopic fungus.

Mr. G. H. Broadbent, M.R.C.S., &c., exhibited under

the microscope a sample of stable manure water containing

large numbers of Paramoecia.

Mr. CUNLIFFE exhibited under the microscope speci-

mens of Polycistina.

\_Microscopical and Natural History Section^

Ordinary Meeting, December 14th, 1892.

The President of the Section, Mr. R. E. CUNLIFFE,

in the Chair.

The section adopted the following resolution, proposed

by the President :
—

" That the section notes with regret the

death of Sir Richard Owen on the 18th inst, and testifies

its sense of the loss which the country has sustained by the

death of so distinguished a naturalist."

Mr. Hyde exhibited a specimen of a gall occurring on a

Yew tree ( Cecidoviyia taxi), and stated that in the case of

two trees growing side by side, one was covered with the

gall and the other was quite free.

Mr. G. H. Broadbent, M.R.C.S., &c., drew attention to

the most recent advances in the microscopic investigation

of cancer.
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[^Microscopical and Natural History Section].

Ordinary Meeting, January i6th, 1893.

The President of the Section, Mr. R. E. CUNLIFFE,

in the Chair.

Mr. Hyde exhibited parts of a seal, including the head

and hind feet, which had been preserved in spirits of wine

and corrosive sublimate.

Mr. Hyde also exhibited a branch of the plane tree,

illustrating the growth of the buds, the base of the leaf stalk

forming a protecting covering to the bud ; he stated that

he had never noticed this kind of protection in any other

tree before.

Mr. Charles Bailey also stated that it was new to

him.

Mr. Cameron exhibited an undescribed fungus gall,

found on the roots of one of our native cotton grasses in

Cheshire.
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\Microscopical and Natural History Section.']

Ordinary Meeting, February 13th, 1893.

Mr. P. Cameron, F.E.S., Vice-President of the Section,

in the Chair.

Mr. Rogers exhibited a number of small species of

land shells from South Africa, collected by Mr. J. S.

Gibbons, M.B.

Mr. J. Cosmo Melvill, M.A., F.L.S., exhibited a

collection of plants formed by Mr. Cardvvell Lees in S.W.

Colorado.

\_Microscopical and Natural History Section.']

Ordinary Meeting, March 13th, 1893.

The President of the Section, Mr. R. E. Cunliffe,

in the Chair.

Mr. John Watson read a paper " On three Hybrid

Silk Moths, hybridised and bred in North America."

Mr. Mark Stirrup, F.G.S., read a paper on " The
Challenger Reports—Deep-sea Deposits : a Review."

Mr. C. H. SCHILL was elected a member of the section.
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{^Microscopical and Natural History Section^

Annual Meeting, April loth, 1893.

The President of the Section, Mr. R. E. CUNLIFFE,

in the Chair.

Mr. Rogers exhibited about 30 species of AcliatinellcE

recently collected in Oahu—one of the Hawaiian Islands.

The species for the most part were representatives of the

group or sub-division, AcJiatinellastriun. He called attention

to the similarity of these so-called species to one another,

differing principally in colouration and band formulae.

Mr. Rogers further remarked that the Achatinella; were

confined in their geographical distribution to the Hawaiian

Islands ; each island has some species peculiar to itself, and

each particular ravine has its own particular species ; but

intermediate forms are found in intermediate spaces.

Another peculiarity of a large number of the species is that

the spires of the shells are as often found sinistral as dextral.

Mr. G. H. Broadbent, M.R.C.S., exhibited drainage

water from a manure-heap at Ashton, containing infusoria,

under the microscope, and gave the results of his observa-

tions extending over the last twelve months.

The Annual Report of the Council, and the Treasurer's

Financial Statement, were presented and adopted.

The following gentlemen were elected Officers and

Council for the ensuing Session :

—

Pt-esident.—R. E. CUNLIFFE.

Vice-Presidents.—Alex. Hodgkinson, M.B., B.Sc.
;

P. Cameron, F.E.S.
; J. C. Melvill, M.A., F.L.S.

Treasurer.—Mark Stirrup, F.G.S.

Secretary.—THEODORE SiNGTON.

Conncil.—CHARLES Bailey, F.L.S.
;

John Boyd
;

G. H. Broadbent, M.R.C.S., &c. ; H. C. Chadwick
;

R. D. Darbishire, B.A., F.G.S. ; H. Hyde ; F. Nichol-

son, F.Z.S. ; T. Rogers.
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{^Physical and Mathematical Sectioti],

Annual Meeting, March 13th, 1893.

James Bottomley, B.A., D.Sc, F.C.S., President of the

Section, in the Chair.

The Treasurer's accounts for the year 1892-93 were

presented, and showed :—Balance from last year £2. 15s. yd.,

Cash received during current year £2. os. od., making a

total of £^. 15s. yd., against which were payments during

the current year ^^3. 14s. 2d., leaving a balance of ^i. is. 5d.

in favour of the Section.

It was moved by Mr. Wm. Thomson, F.R.S.Ed.,

&c., seconded by Mr. T. W. Brownell, F.R.A.S., and

resolved :
—

" That the Treasurer's accounts be received and

passed."

The following gentlemen were elected officers of the

Section for the ensuing year :

—

Presidejit.—JAS. Bottomley, B.A., D.Sc, F.C.S.

Vice-Presidents.—J. A. Bennion, M.A., Barrister-at-

Law ; Wm. Thomson, F.R.S.Ed., F.C.S., F.I.C.

Secretary.—T. W. Brownell, F.R.A.S.

Treasurer.—Jno. Angell, F.C.S., F.I.C.

The following constitute the Section :

—

Members.—John Angell, F.C.S., F.I.C.
;

James

Bottomley, B.A., D.Sc, F.C.S. ; T. W. Brownell,

F.R.A.S. ; Wm. Mather, M.P. ; Wm. Thom.son, F.R.S.Ed.,

F.C.S., F.I.C. Associate.—J. A. Bennion, M.A., Barrister-

at-Law.
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Annual Report of the Council, April, 1893.

In the Session 1892-3, now closed, 8 new ordinary mem-

bers have been admitted, 8 have resigned, and 4 have been

removed by death. These changes leave the number of

ordinary members on the Society's roll on the 31st March,

1893, as 124, against 128 at the corresponding period in

1892. The names of the ordinary members who have died

during the session are Dr. Carl Schorlemmer, F.R.S., Dr. J.

E. Morgan, the Rev. Canon Lloyd, and Mr. J. S. Crowther.

The Society has also lost by death the following honorary

members : Alphonse de Candolle, Sir Richard Owen, Dr.

A. W. von Hofman, and Dr. Ernest Werner von Siemens.

A memoir of Professor Schorlemmer, F.R.S., has been

prepared by Professor Harold B. Dixon, F.R.S., and is in

course of printing in the Society's Memoirs. Memorial

notices of the other ordinary and honorary members

deceased during the session are either appended to this

report, or will be added to it when it is reprinted in the

Memoirs and Proceedings.

The balance sheets present the details of the receipts

and expenditure of the session. The total balance in favour

of the Society on the 31st March, 1893, lying in the hands

of the Society's bankers, is ^136. 8s. 4d. This amount is

£2)A- I2S. 5d. less than the balance at the beginning of the

session, and of the funds in hand £106. 17s. od. is held

for natural history purposes, thus leaving only ^^29. lis. 4d.

for the general purposes of the Society.

The condition of the Society's premises is such as to

require their early renovation, and it is greatly to be desired
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that the membership should be strengthened, so that the

property of the Society may be adequately maintained.

The lack of available funds has to a certain extent pre-

vented much progress being made with the binding of the

books in the library, and your Council acknowledges

with much pleasure the fact that the Microscopical and

Natural History Section has expended the sum of £22,.

1 23. od. in binding natural history works out of grants pre-

viously voted by the Society to the Section for natural

history purposes, and that they are in the course of printing

a catalogue of the natural history works in the Society's

library. It may be desirable that the policy of preserving

this class of publications should be continued, by binding

the whole up to date.

The number of Societies regularly using the building

for their meetings is now four, viz. :

—

The Manchester Architects' Society.

The Manchester Geological Society.

The Manchester Medical Society.

The Manchester Photographic Society.

The Council recommends the continuance of the system

of electing associates of Sections, and the usual resolu-

tion authorising the same will be submitted to the annual

meeting.

A portrait of Mr. Baxendell, by Mr. Brothers, has been

purchased and presented by several members to the Society.

Two meetings of the Society have been held in the

afternoon, on February 21st and March 21st. They were

the best attended of the meetings of the session, and this

result will justify the new Council in repeating the experi-

ment.

During the session an extra volume of the Memoirs has

been published, consisting of Professor Reynolds's "Memoir"

of the late Dr. Joule.
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The Council has had under consideration the question

of introducing the electric light to replace gas in parts of

the Society's house, Mr, Henry Wilde, F.R.S., having

generously offered to defray the cost of wiring-up and

supplying the necessary fittings.

The Librarian reports that during the past year upwards

of 250 volumes have been bound, but there are still many sets

of publications that require binding. Every week the library

is receiving valuable additions, and it is important that they

should be promptly bound. Amongst other works added

during the year are the following authors and compilers'

presentation copies :

—

James E. Keeler. " Elementary Principles governing the Efficiency

of Spectroscopes for Astronomical purposes."

A. LiVERSiDGE. " On Some New South Wales and other Minerals."

F. Bashforth, B.A. Reprint of " A Description of a Machine for

finding the Numerical Roots of Equators."

Darab Dashir Peshotan Sanjana, B.A. " The Position of Zoro-

astrian Women in Remote Antiquity."

Henry Wilde, F.Iv.S. " On the Origin of Elementary Substances and

on some New Relations of their atomic weights."

J. P. Thompson. " Practical Suggestions to Travellers."

T. C. Johnston. " Did the Phoenicians Discover America ?
"

James Henry. "^Eneidea, or Critical, Exegetical, and ^Esthetical

remarks on the vEneis." Indices.

Alexander Ireland. "Address on the Moral Influence of Free

Libraries."

Sheridan Lea. " The Chemical Basis of the Animal Body."

VOLTA Bureau. "Notes and Observations upon the Education of the

Deaf."

J. E. Keeler. " The Spectroscope of the Alleghany Observatory."

Dr. Heinrich Hertz. " Untersuchungen ueber die Ausbreitung Der

Elektrischen Kraft."

G. Dewalque. " Observations sur la Correlation des Diverses Bandes."

S. C. DOTT. M. Rajna. " Suir Excursione Diurna della Declinazione

Magnetica a Milano."

Lothar Meyer. "Grandztige der Theoretischen Chemie."
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In Dr. J. E. MORGAN the Society has lost one of its

most distinguished members. Born in 1828, he died after

a year's illness in 1892. He was the second son of the

Rev. Morgan Morgan, Vicar of Conway, and was educated

at Shrewsbury School, and University College, Oxford,

where he took his degree in Arts in Classical Honours in

1852, and in Medicine in 1861. In the same year he

became a member of the Royal College of Physicians,

was elected to its Fellowship in 1868, and to its Council in

1 887. The years following his B. A. degree he spent chiefly in

the Western Highlands, and here, while reading for ordina-

tion, he passed much of his leisure time in visiting the sick-

poor in the Islands of the Hebrides, and was thus led to

study medicine, with a view to relieving their sufferings

He finally determined to follow medicine as a profession,

and proceeded to St. Mary's Hospital, London. He after-

wards embodied his medical experience in the High-

lands, and especially in the remote Island of St. Kilda,

in an important paper, published in the Medico-CJiirurgical

Reviezv in 1861, in which he called attention to the preva-

lence of infantile lockjaw and the rarity of consumption.

The former disease he ascribed to the filth of the dwellings,

and the immunity to the latter to abundant ventilation and

to the presence of peat smoke. He also investigated the

singular affection known as the 'boat-cough,' a kind of

influenza arising amongst the natives on the arrival of

strangers from the mainland. He came to Manchester in

1861, and at once threw himself into undertakings for the

amelioration of the condition of the people. He became

Physician to the Salford Hospital,and Lecturer on Pathology

at the Royal School of Medicine, and in 1863 he took the

post of Hon. Sec. to the Manchester and Salford Sanitary

Association, and during his term of office he wrote the

Weekly, Quarterly, and Annual Reports on the Health of the

town. In 1864 he joined a movement, that was started by this
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Association, for the formation of a Nurse Training Institu-

tion in Manchester and Salford, and he was the means of

obtaining from Miss Nightingale six of her best-trained

nurses, who were distributed amongst the hospitals of the

town, and who at once commenced the training of proba-

tioners for the Institution. On Mr. Murray Gladstone's

death. Dr. Morgan became Chairman of the Nurse Training

Institution, and retained the post for several years. As an

outcome of his hospital and sanitary labours, Dr. Morgan

published papers on " The Danger of Deterioration of

Race," and " Town-Life amongst the Poorest," in which he

called attention to the signs of lowered vitality and physical

weakness in our town populations, and proved the fact that

the constant inflow of fresh country lives into our large

towns entirely vitiates all conclusions from their rates of

mortality. In 1867 he was elected Hon. Physician to the

Manchester Royal Infirmary, and in 1873 he became Pro-

fessor of Medicine at the Owens College. In 1875 Dr.

Morgan wrote a paper on " Medical Education at the

Universities," and in 1881 he delivered an address, entitled

" The Victoria University—why are there no Medical

Degrees?" and there can be no doubt that these essays

contributed largely to the early recognition of the Medical

Faculty of the Victoria University, and to the speedy

granting of the power of conferring Medical Degrees,

which had been at first withheld. Dr. Morgan contri-

buted several papers on medical subjects to the Lancet

and British Medical Journal, but his chief work was the

" Critical inquiry into the After Health of the men

who rowed in the Oxford and Cambridge boat races,

from 1829 to 1869, based on the personal experience

of the rowers themselves." This book was entitled "Uni-

versity Oars," and was published by Macmillan. It was

the result of an enormous amount of labour of correspon-

dence, and it tended to show that hard athletic exercises

Q
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had no prejudicial influence upon the men engaged in them,

but that they lived as long as, if not longer than, those

who lived in the same station of life, and who had not been

rowing men. Dr. Morgan himself was very fond of all kinds

of athletics, and was eminent as an oarsman and as a keen

sportsman, but he was especially gifted in his power of

literary and oratorical expression. His medical lectures

were models of clear and dispassionate discussion of the

problems of disease. He was elected a member of the

Society on October 29, 1861. A. R.

Mr. Joseph Stretch Crowther died at Southport,

on March 25th, 1893. He came of a Warwickshire family,

from the neighbourhood of Coventry. He was educated

partly at Cambridge, and at one time thought of taking

holy orders. He was also by way of being a musician, being

in St. Alban's Church Choir, and being used to play the organ,

Asan architecthe was articled toMr.Tattersall, of Manchester.

After serving his articles he worked for some time for a firm

of mill architects. About 1844 he went into partnership

with Mr. J. Bowman, in conjunction with whom he brought

out a folio book (1845-50) on " The Churches of the Middle

Ages," which still remains one of the standard works on the

subject ; indeed, it is one of the finest works that

the enthusiasm of the Gothic Revival brought forth.

In Manchester and the neighbourhood he was best

known as an ecclesiastical architect. His first work of

any importance was St. Mary's Church, Moss Lane,

Hulme, built by Mr. Wilbraham Egerton, of Tatton, and

consecrated by Bishop Prince Lee, in November, 1858.

In 1874 he was commissioned to design the church of St.

Alban's, Waterloo Road, Cheetham, and at a subsequent

period the schools of the same church. In 1875 he designed

the important new church of St. Mary's, Crumpsall, the

original structure of which had been struck by lightning
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and burnt down. The Bury Parish Church was rebuilt

from his designs in 1876. Another work was St. Benedict's,

Ardwick, consecrated by Bishop Fraser in March, 1880.

In 1885 he restored the chancel and other parts of the

Parish Church of Rochdale, and in 1890 he designed the

chancel for Littleborough Parish Church. He also restored

Kendal Parish Church. Mr. Crowther's principal work,

however, was in connection with the Manchester Cathedral,

the restoration of which he lived to complete. This

restoration was begun some ten years ago. He has left

a monograph of the Cathedral nearly completed. Mr.

Crowther was a strong supporter of the free and open

church movement at a period when it was less powerful

than recently. He was elected an ordinary member of the

Society on January 25th, 1849; he was, therefore, at the

time of his death, one of its oldest members.

The Rev. Julius Lloyd, M.A., Rector of St. Philip's,

Sallord, Canon of Manchester, who died suddenly whilst

attending the annual meeting in behalf of the Day Schools

Association of Manchester and Salford, held in the Town

Hall, Manchester, on May 27th, 1892, was born in London,

September loth, 1830, and educated firstly at Blackheath

and then at Berlin, being subsequently entered at Trinity

College, Cambridge, where he gained a scholarship in 185 i,

and was 27th Wrangler in 1852. He took his B.A. degree

in that year, was ist class in the Moral Science Tripos

1853, M.A. 1855, was ordained Deacon in that year, and

priest in 1856 by the Bishop of Rochester; was curate of

Brentwood, Essex, 1855-57 ; St. Peter's, Wolverhampton,

1858-62; Trysull, Staffordshire, 1862-66; of St. Peter's,

Pimlico, 1866-68 ; vicar of High Cross, 1868-71 ;
incumbent

of St. John, Greenock, 1871-80; rector of St. Ann's,

Manchester, 1881-86 ; Leesfield, Oldham, 1887-91 ; and St.

Philip's, Salford, 1891-2. His published writings were
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numerous, and include "Life of Sir Philip Sidney," 1862
;

" Sermons preached at Wolverhampton," 1862; "Sermons

preached before the University of Cambridge," 1866
;

" The

Maintenance of the Church of England as an Established

Church," Peele Prize Essay, 1874; "Sketches of Church

History in Scotland," 1877 ;
" Christian Politics," 1877 ; and

"The North African Church," 1880. He was elected a

member of the Society on February 23rd, 1892.

J. C. M.

August Wilhelm von Hofmann died May 5th,

1892. For several years he was a resident in this country,

having been appointed in 1848 superintendent of the Royal

College of Chemistry, London. In 1864 he accepted the

Chair of Chemistry at Bonn, and shortly afterwards removed

to Berlin. In the Royal Society's catalogue of scientific

papers, page after page bears testimony to the extent and

interest of his work, both in this country and abroad. His

researches were mainly in organic chemistry, wherein he

showed himself a worthy successor of Woehler, Liebig, and

other early pioneers, who in this branch of science had

already made some tracks for the guidance of their suc-

cessors. His residence in this country was fortunate also

in this respect, that his laboratory was the training ground

for pupils who caught something of the master's enthusiasm

and carried on the good work which he inaugurated ; also

beyond the sphere of personal influence his writings were

of a character to arouse, even in a languid mind, a sense of the

growing importance of organic chemistry. In his laboratory

much attention was paid to the constitution of the aromatic

bodies, and the numerous bases and substitution products

derived from them. Many of these compounds, at that time

objects of scientific curiosity, are now produced on a large

scale, and their names are familiar words in commerce.

The eminence of Hofmann marked him out as the fitting
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recipient of many honors from learned societies. In our

own country he was elected a member of the Royal Society

in 1851. In 1854 he was awarded a royal medal for his

*' Memoir on the Molecular Constitution of Organic Bases."

He was elected one of the honorary members of the Society

on January 23rd, 1866, J. B.

On the 1 8th of December, 1892, one of the oldest and

most eminent of the scientific veterans of our country,

Sir Richard Owen, closed his brilliant career at the age

of but little under ninety years. He was born at Lancaster

on July 20, 1804, and received his early education in the

grammar school of the same town. At a later period,

selecting medicine for his profession, he matriculated at

Edinburgh, but studied practical medicine in the London

Hospital of St. Bartholomew's at the time when the " mild

Abernethy" of the poet was the ruling spirit of that dis-

tinguished school. Whilst there, in 1826, he wrote his first

memoir,on the subject of Urinary Calculi, and, on concluding

his preparatory studies, he became a Medical Practitioner

in London. Previous to this the Government had purchased

the fine collection of anatomical preparations made by

John Hunter and then in the care of the College of

Surgeons, but uncatalogued and unarranged. Like most

young practitioners, Owen had abundance of leisure, and

at the suggestion of Abernethy he undertook the task of

cataloguing the Hunterian collection. In 1830 the newly-

established Zoological Society of London held its first

meeting, at which Owen read a paper on the " Anatomy of

the Ourang Outang," followed two years later by the

memoir which first gave a prominent distinction to the

young naturalist. For the first time a specimen of the

pearly nautilus had fortunately been captured in the

eastern seas, which shell, containing its hitherto unknown

animal, carefully preserved in alcohol, was placed in
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Owen's hands for dissection, and led to the publication of a

memoir, the reputation of which associated itself with

the name of Owen to the end of his life. The next

event that influenced Owen's further career was his

introduction to George Cuvier, followed soon afterwards

by a visit to Paris. At that time the French Naturalists

were in advance of our countrymen in their researches

amongst the extinct vertebrate animals. Cuvier had pub-

lished the first part of his celebrated " Recherches sur les

Ossemens Fossiles des Quadrupedes " as early as 1812. This

was succeeded by other parts, the concluding one appearing

in 1824. The treasures obtained from the Gypseous

quarries of Montmartre,thus, for the first time, made English

geologists acquainted with the fact that such extinct forms

as the PalcBotherium and Anoplotheriuvi had existed so

recently as the period in which the superficial deposits, now

known as the Tertiary strata, had been accumulated. To
understand the significance of this in its relation to English

naturalists we must remember that Buckland's Reliquiie

DiluviancB only appeared in 1826, the discovery of the

Kirkdale cave having been made but a short time previously.

Under these circumstances we can well understand the

impressions which contact with such rich stores of extinct

vertebrates would produce upon the receptive mind of

our young anatomist. There can be no doubt that this

visit stimulated some of the most important of Owen's

researches in future years. In December, 1834, Owen
being then but 30 years of age, he was elected a fellow

of the Royal Society. He was appointed lecturer on

Comparative Anatomy at St. Bartholomew's Hospital,

and about the same time he married. This last event

grew out of those temporary labours at the College

of Surgeons which were destined so materially to

influence his future life. At the time in question, he was

necessarily thrown much into association with the family of
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Mr. Clift, who had long been the conservator of the

Hunterian Museum, and it was the daughter of that early

historian of the Mastodon and the Megatherium who happily

became the companion of so many of Owen's future years.

In 1836 he succeeded the celebrated Sir Charles Bell in

the Professorship of Anatomy and Physiology, as well as

followed the veteran Clift in the curatorship of the College

Museum ; circumstances which necessarily led to his

abandonment of his medical practice. Thus freed from all

collateral restraints, he flung himself heartily into the vast

succession of researches which became the glory of his

future life. Amongst the earliest of these labours were

those investigations which culminated in 1840-41 in the

publication of his celebrated " Odontography." This treatise

described the comparative anatomy, physiological relations,

mode of development, and microscopic structure of teeth.

It was in many respects an admirable work, though not

accurate in some important physiological features. In 1843

he published his lectures on " The Comparative Anatomy

of the Invertebrate Animals," followed in 1846 by a similar

work on " Fishes." But in the latter year we find him

taking a higher flight. Meanwhile, there had arisen in

Germany a school of which Lorenz Oken was the

prominent representative. Amongst other objects aimed

at by that philosophical thinker he sought to discover

some laws of unity in the various diversified parts of the

vertebrate skeleton. He wanted to know, for example,

what the skull was as compared with the vertebrate column

from which it appeared to differ so widely. Resting one day

whilst hunting in a German forest his eye fell upon the dried

skull of a deer that lay in the grass, when the idea suggested

itself to his mind that, like the vertebral column, it was merely

a chain of modified vertebrae ; and, having determined this

point,he applied the same theory to the rest of the skeleton.

Owen proceeded upon the same hypothesis, when, in
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1846, he presented to the British Association a report "On
the fundamental type and Homologies of the Vertebrate

Skeleton," and he carried out the same dominant idea in

1848 and 1849, when he successively published his two

volumes "On the Archetype and Homologies of the

Vertebrate Skeleton, with tables of the synonyms of

the Vertebral Elements and Bones of the head of

Fishes, Reptiles, Birds, Mammals, and Man," followed by a

similar treatment of the rest of the skeleton in his volume

"On the Nature of Limbs." Ingenious as his arguments

and illustrations were it cannot be said that his views have

met with general acceptance. From this time onwards

Owen poured forth, from year to year, so vast a succession

of memoirs, reports, articles for encyclopedias, &c., some on

fossils, others on recent objects, but chiefly on vertebrate

creatures, as to baffle all comprehension as to how and when

one man could accomplish so much detailed work. A mere list

of these separate productions would occupy at least a dozen

pages of the volume containing this notice. At one time he

is devoting his energies to the anatomy of the Monkeys.

At another he is preparing a descriptive and illustrated

catalogue of the P'ossil remains of Mammals and Birds con-

tained in the Museum of the Royal College of Surgeons.

Now it is the anatomy of various recent Sloths and of

Mylodon and the Megatherium, two gigantic fossil forms of

the same group of semi-arboreal animals. At another time

the recent Armadillos are engaging his attention along

with the South American Glyptodon, an enormous extinct

creature closely allied to the Armadillos. Indeed it is

difficult to name any one of the great types ofanimal forms,

recent or extinct, which he has not made the subjects of his

minute studies. The great Saurians from the Oolitic and

Liassic beds were always favourite objects of his investiga-

tions. When the first specimens of the Dinornis, the gigantic

Ostrich of New Zealand, came to England he at once gave to
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them his devoted attention. Chiefly sent, in the first instance,

by Walter Mantell to his father, the well-remembered Gideon

Mantell, they were laid out in a warmed upper-room of the

geologist's house in Chester Square, throughout an entire

winter, to facilitate their study by Owen—a facility of

which the great anatomist abundantly availed himself.

Histories of the British Fossil Reptiles, as well as successive

monographs on the Fossil Turtles and their allies from the

British Tertiary Deposits, from the Cretaceous Beds and

from the Wealden Strata, appeared in the volumes of the

Palaeontographical Society. The Fossil British Tertiary

Serpents and the Crocodiles were dealt with in the same

manner. Amidst all these astounding labours the Crown

called upon him to undertake a new and serious task.

Changes occurring in the management of the British Museum

in Bloomsbury, Owen was appointed the supreme Director of

the entire department of Natural History. The want of

more space in that Institution had long before been felt by

the then head of the Zoological Department, the late John

Edward Gray. Owen soon also became convinced that

such increase of space was absolutely indispensable. He
lost no time in urging the Government of the day to make

provision for this want, and succeeded in inducing them to

bring in a bill authorising the erection of the necessary

buildings. The measure however met with violent opposition

in Parliament, and Owen personally received considerable

Parliamentary abuse for his supposed folly in promoting so

extravagant and needless a scheme. Notwithstanding this

the measure was carried, and Mr. Alfred Waterhouse, R.A.,

received instructions to prepare the plans for the present

buildings in Cromwell Road. These plans were carried out,

and the new Natural History Museum was opened in 1881
;

the old museum in Bloomsbury being now left in the hands of

the antiquarians and the lovers of the plastic arts. Having

thus accomplished the great and final task of his life Owen



240 Aiinnal Report of the Coimcil.

retired from his office of Director in 1883. The great

scientific mistake of his life lay in allowing himself to

be led into the dreamland of the Physio-philosophy

of Oken. Two of the most laborious of his works, his

" Homologies of the Vertebrate Skeleton " and " On the

Nature of limbs," were devoted to building up a philosophy

which is no longer accepted. At the same time he never

accepted the philosophy of Darwin, neither did he replace it

by any other in the least degree calculated to take its place.

He did not refuse to devote time to social laboui^s of a

more popular kind. Thus, he was one of the Com-

missioners for preparing the Great Exhibition of 185 1.

From 1843 to 1846 he took part in the Commission of

Enquiry into the Health of Towns. On other occasions

he served on Commissions of Enquiry into the Meat

Supply and the Health of the Metropolis, &c. He reported

on the drainage and water supply of Lancaster, his native

town. The Queen and Prince Albert placed at his disposal

an excellent mansion in Kensington, for which, however, at

Owen's own request, Sheen Lodge, in Richmond, the home
of his future years, was substituted. As we have seen,

at an early age he received the fellowship of the Royal

Society, followed at a later date by the award both of

a Royal and a Copley Medal. The Queen knighted

and conferred upon him the Order of the Bath. From
Prussia he received the "Ordre pour le Merite,'' and Louis

Napoleon sent him the Grand Cross of the Legion of

Honour. The French Institute made him one of its

eight foreign Associates. The King of Italy conferred upon

him the order of St. Sulspice and St. Lazare, and the late

Emperor of Brazil honoured him after a similar fashion.

The names of the scientific societies of Europe who
enrolled him amongst their Foreign members was legion.

After his long and distinguished life he died on the 20th of

last December, and in accordance with his own wishes he
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now sleeps by the side of his wife in the churchyard of Mam.

He was elected an honorary member of the Society on

z'\pril 30th, 1844.

w. c. w.

By the death of Alphonse Louis Pierre Pyraaius

DE Candolle, on the 4th x'\pril, 1893, botanical science

has lost one of the links which connects this generation with

the illustrious Linnjeus, Haller, and B. de Jussieu. The

father of Alphonse de Candolle was born at Geneva 25 days

after the death of LinnJEUs. He was a descendant of an

old Provencal family of Hugenots which had been com-

pelled to expatriate itself at the end of the i6th century, on

account of the religious persecutions of the time. Driven

out of France the family settled at Geneva, where its

descendants have remained to the present day. Alphonse

de Candolle was born at Paris, 27th October, 1806, during

the temporary residence there of his parents, but circum-

stances obliged the family to return to Geneva shortly

afterwards. Destined for the legal profession, he took his

degree of doctor of law at the early age of 23 years, when he

wrote for his thesis, on " le droit de grace." This early legal

training was, however, not lost upon him, and it is doubtless

owing to the discipline of those early studies that he

acquired the capacity for investigating complex problems

in a judicial spirit, and it enabled him in his later life to

render yeoman's service in public affairs, when he was

elected a member of the Representative Council, and

afterwards, when he sat upon the Great Council of State.

He might have become a great jurist, but yielding to his

father's wishes he abandoned the law for botany. Appointed

assistant to his father at the Academy, and director of the

Botanical Gardens in Geneva in 1 831, he succeeded him

in these offices in 1835, throwing himself into the full

current of the parental studies. The elder de Candolle had
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projected an extensive work which aimed at describing the

vegetation of the world, but it was on too vast a scale to

ensure its completion within the life-time of its author
;

after two volumes had been issued, one in 18 17 and the

other in 1821, the ' Systema naturale regni vegetabilis' was

not continued further. But it was the forerunner of the

work which will be the best monument of the three genera-

tions of de Caiidolles, father, son, and son's son, viz., the

' Prodromus systematis naturalis vegetabilis.' The father

had published seven volumes of the ' Prodromus ' prior to

his death in September, 1841, and the son's name first

appears on the title page of Volume VIIL, which he dedi-

cated to his father's memory and published in 1844. Eight

other volumes successively appeared, the 17th volume

bringing the first series to a close, i6th October, 1873.

These seventeen volumes are concerned with the description

and geographical distribution of dicotyledonous plants,

each part issued in systematic order ; but Alphonse de

Candolle, in conjunction with one of his two sons, viz.,

Casimir, projected their ' Suites au Prodromus ' with

main reference to monocotyledons, though not excluding

dicotyledons ; the first volume was published in June,

1878, and the seventh in July, 1891, but, unlike the 'Pro-

dromus ' proper, its separate volumes do not occur in

systematic sequence, and its international character is

exemplified by the languages in which it is being written.

Though circumstances were conspiring to make him a

lawyer, inclination and parental wishes conspired to make
him a botanist, and one who was to become one of the

great systematists of the age. In his 17th year he came
under the sway of the writings of von Humboldt, and this

savant's conception of animated nature started him upon a

line of investigation which he never afterwards abandoned.

But for family affairs he would have found himself in the

New World, traversing the regions which Humboldt had
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described. The causes which have controlled the distri-

bution of vegetable life upon the earth's surface in past, and

existing, eras, constituted the problem to the solution of

which he gave the best powers of his life, and in due time

the fruit of his studies appeared in the two volumes of

' Geographie botanique raispnnee' in 1855. Notwithstanding

his numerous and varied writings in other departments of

botany, there seems to run in them an inner thread which

connects them all with his great theme of geographical

distribution, it may be through philology, or anatomy, or

chemistry. In this light, his remarkable work ' Origine

des plantes cultivees,' published in 1883, is merely a develop-

ment of one branch of phytogeography already touched

upon in his ' Geographie botanique,' in which latter work

the story of the cultivated vine forms a classical portion.

Even his great work as a systematist is controlled by the

relations which he saw underlying the modifications of

the organs of plants through topographical limitations.

Alphonse de Candolle has exercised remarkable powers

over his contemporaries in regard to the vexed questions

involved in botanical nomenclature. He had prepared the

way for this by the publication of a philosophy of botany

under the modest title of La phytographie, ou I'art de decrire

les vegetaux consideres sous differents points de vue.' No
other botanist of his age would have been able to command

the unanimity of his colleagues of all nationalities, assembled

at the International Congress of Botany, held at Paris

on the 1 6th August, 1867, in accepting the code of 6Z rules

which he then submitted, and which code is still the

acknowledged foundation for guidance in this most thorny

and complicated subject. If the glory of the father had

been to consolidate the bases of the natural system of

classification, the glory of the son has been to evolve the

laws of nomenclature in the application of the natural

system to the denomination of plants. The de Candolles
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possessed an immense herbarium which the traditions

of the family imposed being made of a quasi-public

character. The father left to the son at least 70,000

species of plants, the whole of which have been used

in the preparation of the ' Prodromus ;
' the son, just

deceased, has added immense collections to the same

herbarium, and it doubtless decends to the third generation

with the same facilities for consulting it as have been

enjoyed by botanists of every country for more than half

a century, in Geneva, the city of great herbaria. Alphonse

de Candolle was a voluminous writer, as he is the author of

at least 250 separate publications and articles in scientific

journals. He was elected an honorary member of the

Society on April 26th, 1892. C. B.

Ernest Werner von Siemens was born at Leuthe,

Hanover, in 18 16. He was the eldest of seven brothers,

one of whom, Sir William Siemens, was well known in this

country. Dr. Siemens, at the age of 18, joined the

Prussian Artillery, and gained the rank of lieutenant three

years later. A graphic description of his early career is

given in a short volume of autobiography which appeared

a few weeks before Lis death. While still holding his

military appointment, he became the inventor of a process

of electro-gilding and of an automatic recording telegraph

His attention was then drawn to the advantages of placing,

if possible, all electric leads under the surface of the ground.

The difficulty, which had to be overcome, was the finding

of a suitable covering to the wire, which should be insulating

and at the same time resist corrosion. Although unsuccessful

at the time, the experiments performed, and the researches

undertaken on the coating of wires with gutta-percha, were

ultimately found to be of great value. Shortly afterwards

Werner Siemens retired from the army, and gave up his time

to the working out of a series of inventions, which have
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made his name, and that of his brothers, celebrated in all

countries. All branches of electro-technics show the fruits

of his inventive genius ; it is only necessary here to allude

to his improvements in the self-exciting dynamo machine

and the introduction of the armature which bears the name

of Siemens. In 1886 Werner Siemens presented a sum of

;^25,ooo to the German Government for the foundation of

a national scientific and technical institution. Although

in existence only for a few years, this institution has already

done great service to pure and applied science. His

autobiography, which has already been alluded to, forms an

interesting and fascinating volume, giving a graphic account

of his successes and failures. Amongst the many incidents

recorded in that volume, the following is characteristic.

Siemens had taken a leading part in extending the tele-

graph in many parts of Germany. A young lady wrote to

him a pathetic letter, in which she explained that he was*

going to ruin her husband, who had established a pigeon

post between Cologne and Brussels. Siemens answered that

her husband had better roast his pigeons, but promised his

assistance if they would go to London to establish a news

agency. The husband followed the advice ; his name was

Renter, and Reuter's news agency is a proof that Siemen's

suggestion was not a bad one. Dr. Werner von Siemens

died on December 6th, 1892. His lectures and papers

are published under the title " Gesammelte Abhandlungen

u. Vortrage." He was elected an honorary member of the

Society on April 30th, 1889.

A. S.
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Manchester Architects' Society to 31st Dec, 1892 ..

Manchester Geological Society to 31st March, 1893
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.
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.
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Annual Report of the Council of the Microscopical and

Natural History Section.

During the Session 1892-3 the usual number of sectional

meetings have been held, at which papers have been read

and communications made by :— Messrs. CAMERON,
Chadwick, Cunliffe, Hyde, Melvill, Rogers,

Stirrup, and Broadbent. By invitation of Mr. Melvill,
Mr. John Watson and Mr. Cardwell Lees, visitors,

read interesting papers before the section. Manuscripts of

the more important papers and communications submitted

to the Section have been sent to the Honorary Secretaries

of the Parent Society.

The attendance of members and associates has been

about the average. During the session one member has

been elected, Mr. C. H. SCHILL, and one associate, Mr. G. H.

Broadbent, M.R.C.S., &c. The following have resigned :

Mr. Blackburn, Mr. Collett, and Mr. Earl. Mr. Henn
has removed to Australia. The Section now consists of

21 members and 16 associates.

During the session the library sub-Committee appointed

at the last Annual Meeting has been engaged on the

preparation of the new catalogue of Natural History books,

which is now in type and will probably be completed

during the summer.

The Council have decided to make the following

additions to the library :—The Irish Naturalist, to be

purchased from the commencement, and The Conchologist.

The following is a list of members and associates of the

Section :

—
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Members :—J. J. Ashworth, Charles Bailey, F.L.S., John

Boyd, Henry Brogden, Alfred Brown, M.D., Samuel Cottam,

F.R.A.S., Edward Coward, R. Ellis Cunliffe, R. D. Dariu-

shire, B.A., F.G.S., Hastings C. Dent, F.L.S., William King

Dean, F. J. Faraday, F.L.S., Edward Halkyard, Charles

James Heywood, Alexander Hodgkinson, B.Sc, M.B., Sir

Henry Hoyle Howorth, F.S.A., M.P., C. H. Hurst, A.

Milnes Mar'shall, M.A., M.D., D.Sc, F.R.S., J. Cosmo Mel-

viLL, M.A., F.L.S., Francis Nicholson, F.Z.S., J. V. W. Tatham,

M.A., M.D., C. H. Schill.

Associates .—Yj. J. Bles, M.B., G. H. Broadbent, M.R.C.S.,

&c., Peter Cameron, F.E.S., H. C. Chadwick, Peter Cunliffe,

John Ray Hardy, Henry Hyde, Leslie Jones, M.D., H. L.

Knoop, Thomas Rogers, W. R. Scowcroft, Theodore Sington,

George Nash Skipp, Mark Stirrup, F.G.S., Edward Ward,

F.R.M.S., R. Wheeler.
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JAMES COSMO MELVILL, M.A., F.L.S.
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REGINALD F. GWYTHER, M.A.
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Libraria7i.

FRANCIS NICHOLSON, F.Z.S.
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JOHN BOYD.
HAROLD B. DIXON, M.A., F.R.S.

ALEXANDER HODGKINSON, M.B., B.Sc.

J, W. F. TATHAM, B.A., M.D.

Alderman JOSEPH THOMPSON. '

FRANCIS JONES, F.R.S. Ed., F.C.S.
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Honorary Members.
Date 0/Election.

892, April 26. Abney, Capt. W. de, R.E., F.R.S. 6". Kensington.

892, April 26. Amagat, E. F. 34, Rue St. Lambert, Paris.

887, April 19. Armstrong, Wm. George, Lord, C.B., D.C.L., LL.D.

Neivcastle-on- Tyne.

892, April 26. Ascherson, Paul F. Aug. Berlin.

892, April 26. Baeyer, Adolf von, Professor of Chemistry, i, Arcisstrasse,

AJiinich.

886, Feb. 9. Baker, Sir Benjamin, LL.D., M. Inst. C. E. 2, Queen^s

Square Place, Westminster, S. W.

Baker, John Gilbert, F.R.S. Kezv.

Berthelot, Prof. Marcellin, For. Mem. R.S., Membra de

rinstitut. Paris.

Boltzmann, Ludvvig, Professor of Physics. Munich.

Brioschi, Francesco. 4, Place Cavour, Milan.

Buchan Alexander, F.R.S.E. 72, /Vorthii/nberland Street,

Edinburgh.

Bunsen, Robert Wilhelm, Ph.D., For. Mem. R.S., Prof, of

Chemistry at the Univ. of Heidelberg. Heidelberg.

Cannizzaro, S., Prof, of Chemistry. University of Rome.

Carruthers, William, F.R.S. Keeper of Botanical

Dept., British Museum.

859, Jan. 25. Cayley, Arthur, M.A., LL.D., D.C.L., V.P.R.A.S.,

F.C.P.S., Sadlerian Prof, of Pure Maths, in the Univ.

of Cambridge, Cor. Mem. Inst. Fr. (Acad. Sci. ), &c.

Garden House, Cambridge.

886, Oct. 30. Clifton, Robert Bellamy, M.A., F.R.S., F.R.A.S., Prof.

of Natural Philosophy, Oxford. New Museum, Oxford.

899, April 30. Cohn, Ferdinand, Professor of Botany. 26, Schweidnitzer

Stadtgraben, Breslau.

887, April 19. Cornu, Professor Alfred, For. Mem. R.S., Membre de

rinstitut. Ecole Polytechnique, Paris.

892, April 26. Curtius, Theodor, Professor of Chemistry. Kiel.

892, April 26. Darboux, Gaston, Professor to the Faculty of Sciences.

36, Rue Gay Lussac, Paris.

886, Feb. 9. Dawson, Sir John William, CM. G., M.A., F.R.S., LL.D.,

F.G.S. McGill College, Montreal.

888, April 17. Dewalque, Gustave, Professor of Geology, Commandeur

de rOrdre de Leopold. University of Liege.

392, April 26. Dohrn, Dr. Anton, Zoological Station. Naples.

892, April 26. Dyer, W. T. Thiselton, F.R.S., Director, Botanical

Gardens. Kew.

1892, April 26. Edison, Thomas Alva. Orange, N.J.

886,
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1886, April 30. Farlow, W. G., Professor of Botany. Harvard College,

Cainhj-idge, Mass, U.S.A.

1 889, April 30. Flower, Sir William Henry, C. B. , LL. D. , F. R. S. Director

of Nat. Hist. Dept., British Museum.

1889, April 30. Foster, Michael, M.A., M.D., LL.D., Sec. R. S. , Professor

of Physiology. Trinity College, Ca?nbridge.

i860, Mar. 9. Frankland, Edward, Ph.D., M.D., LL.D., D.C.L.,

V.P.C.S., F.R.S., Cor. Mem. Inst. Fr. (Acad. Sci.),

&c. The Yews, Reigate Hill, Relgate.

1892, April 26. Friedel, Ch., Professor to the Faculty of Sciences. 9, Rue

MicJielet, Paris.

1892, April 26. Fiirbringer, Prof. Max. Jena.

1892, April 26. Gegenbauer, Carl, Professor of Anatomy. Heidelberg.

1892, April 26. Gibbs, Professor W. J. West Nyack, N. Y.

1886, Feb. 9. Helmholtz, Geheimrath Herman von, LL.D., For.

Mem. R.S. Prasident der Physikalisch-technischen

Reichsanstalt. Berlin.

1889, April 30. Hertz, H., Professor of Physics. Bonn.

1892, April 26. Hermite, Ch. 2, Rue de la Sorbonne, Paris.

1892, April 26. Hill, W. G. Washington.

1848, Jan. 25. Hind, John Russell, LL.D., F.R.S., F. R. A. S., Superin-

tendent of the Nautical Almanac. Cor. Mem. Inst. Fr.

(Acad. Sci.). 3, Cambridge Park Gardens, Tivickenhavi.

1881, April 17. Hittorf, Johann Wilhelm, Professor of Physics. Polytech-

nicum, Miinster.

1892, April 26. Hoff, J. Van't, Professor of Chemistry. Aiiisterdain.

1892, April 26. Hooker, Sir Joseph D., F. R.S. Sunningdale.

1869, Jan. 12. Huggins, William. LL.D., D.C.L., F.R.S. F.R.A.S.,

Cor. Mem. Inst. Fr. (Acad. Sci.) 90, Upper Tulse Hill,

Brixton, London, S. W.
1872. April 30. Huxley, Thomas Henry, M.D., Ph.D., LL.D., D.C.L.,

P.P.R.S., Hon. Prof, of Biology in Royal School of

Science Cor. Mem. Inst. Fr. (Acad. Sci.), &c. Hodeslea,

Staveley Road, Eastbourne.

1851, April 22. Kelvin, Lord, M.A., D.C.L., LL.D., F.R.S.E., P.R.S.,

Prof, of Nat. Phil, in Univ. of Glasgow. For Assoc.

Inst. Fr. (Acad. Sci.), 2, College, Glasgow.

1852, Oct. 16. Kirkman, Rev. Thomas Penyngton, M.A., F.R.S., Fern-

royd, Bowdon.

1892, April 26. Klein, Professor Felix. T^Wilhelm Weber Strasse,Gbttingen.

1892, April 26. Kundt, August, Professor of Physics. 16, JSieiie Wilhelm

Strasse, Berlin.

1S92, April 26. Ladenburg, A., Professor of Chemistry. 3, Kaiser Wilhelm

Strasse, Breslau.
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1887, April 19. Langley, Prof. S. P. Smithsonian Instittition, Washing-

ton, U.S.

1892, April 26. Liebermann, C, Professor of Chemistry. 2g, Matthai-

Kirche Strasse, Berlin.

18S7, April 19. Lockyer, Norman, F.R.S., Corr. Mem. Inst. Fr. (Acad.

Sci.) Science School, Ke^isington.

1889, April 30. Lubbock, Sir John, Bart,, M.P., D.C.L., LLD., F.R.S.

15, Lombard Street, E.C.

1892. April 26. Ludwig, Carl, Professor of Physiology. i6, Liebig Strasse,

Leipsic.

1892, April 26. Marignac, J. C. de Geneva.

1892, April 26. Marshall, Alfred, Professor of Political Economy. Balliol

Croft, Madingley Road, Cambridge.

1892, April 26. Mascart, E., Professor at the College de France. 176,

Rzie de V Universite, Paris.

1889, April 30. Mendeleeff, D,, Professor of Chemistry. St. Petersburg.

1889, April 30. Meyer, Lothar, Professor of Chemistry. Tiibingen.

1892, April 26. Meyer, Victor, Professor of Chemistry. 55, Plock Strasse,

Heidelberg.

1892, April 26. Moissan, H., Professor at the Ecole Superieure de Phar-

macie. 7, Rtie Vaiiquelin, Paris,

1887, April 19. Newcomb, Prof. Simon, For. Mem. R.S. Johns Hopkins

University, Baltimore, U.S.

1866, Feb. 9. Pasteur, Louis, For. Mem. U.S., Membrede rinstitut. Pa)'is.

1892, April 26. Perkin, W. H., F.R.S. The Chestnuts, Sudbury, Harrotv.

1 85 1, April 29. Playfair, Rt. Hon. Sir Lyon, K.C.B.,LL.D., Ph.D., F.R.S.,

F.G.S., M.P., V.P.C.S., &c. 68, Onslow Gardens,

Lojuion, S. IV.

1892, April 26. Poincare H., Professor to the Faculty of Sciences. 63,

Rue Claude Bernard, Paris.

1866, Jan. 23. Prestwich, Joseph, F.R.S., F.G.S., Corr. Mem. Inst. Fr.

(Acad. Sci.) Shoreham, near Sevenoaks.

1892, April 26. Quincke, G. H., Professor of Physics. 60, Haupt Strasse,

Heidelberg.

1886, Jan. 23. Ramsay, Sir Andrew Crombie, LL.D., F.R.S., F.G.S.,

15, Crovnvell Crescent, South Kensington, London.

1892, April 26. Raoult, F., Professor to the Faculty of Sciences. 2, Rjte des

Alpes, Grenoble.

1849, Jan. 23. Rawson, Robert, F.R.A.S. Havant, Hants.

1866, Feb. 9. Rayleigh, John William Strutt, Lord, M.A., D.C.L.,

(Oxon), LL.D. (Univ. McGill), Sec. E.S., F.R.A.S.

Tirling Place, Witham, Essex.

1892, April 26. Reymond, Emil du Bois, Professor of Physiology. 15 Neue

Wilhelm Strasse, Berlin.

1889, April 30. Resal, Professor Henri, Membre de I'lnstitut. Ecole Poly-

technique, Paris.
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Date ofElection.

18S9, April 30. Roscher, Dr. Wilhelm, K. Geheimer Rath, and Professor

of Political Economy, Leipsu.

1889, April 30. Routh, Edward John, Sc.D., F.R.S. Newnham Cottage,

Cambridge.

1872, April 30. Sachs, Julius von, Ph.D. IViirzlntrg

18S9, April 30. Salmon, Revd. George, D.D., D.C.L., LL.D., F.R.S.,

Regius Professor of Divinity. Provost's House, Trmity

College, Dublin.

1892, April 26. Salvin, Osbert, F.R.S. Haslemcre.

1892, April 26. Saporta, the Marquis de. Aix-en- Provence, Bouches du

Rhone.

1892, April 26. Sharpe, R. Bowdler. British I^Insctiiu , Cromwell Road, S. W.

1892, April 26. Solms, H. Graf zu. Professor of Botany. Strasbiirg.

1869, Dec. 14. Sorby, Henry Clifton, LL.D., F.R.S, F.G.S, &c. Broom-

field, Sheffield.

185 1, April 29. Stokes, Sir George Gabriel, Bart., M.A., LL.D.,

D.C.L., P.P.R.S.,- Lucasian Professor of Mathem.

Univ. Cambridge, F.O.P.S., Cor. Mem. Inst. Fr. (Acad.

Sci.), &c. Loisfield Cottage, Cambridge.

1886, Feb. 9. Strasburger, Professor. Bonn.

1861, Ian. 22. Sylvester, James Joseph, M.A., D.C.L., LL.D., F.R.S.,

Savilian Prof, of Geom. in the Univ. of 0.\ford, Cor.

Mem. Inst. Fr. (Acad. Sci.), &c. New College, Oxford.

1868, April 28. Tait, Peter Guthrie, M.A., F.R.S.E., Szc, Professor of

Natural Philosophy, Edinburgh. 38, Geoige Square,

Edinbtogh.

1872, April 30. Trecul, A., Member of the Institute of France. Paris.

1886, Feb. 9. Tylor, Edward Burnett, F.R.S., D.C.L. (Oxon), LL.D.

(St. And. and McGill Colls.), Keeper of University

Museum. O.xford.

1868, April 28. Tyndall, John, LL.D., M.D., D.C.L., Ph.D., F.R.S.,

F.C.S. Hind Head House, Haslemere, London, W.

1892, April 26. Walker, General Francis A. , Professor of Political Economy.

237, Beacon Street, Boston, U.S.A.

1892, April 26. Wiedemann, G., Prof, of Physics. 35, Thalstrasse,

Leipsic.

1889, April 30. Williamson, Alexander William, Ph.D., LL.D. For. Sec.

R.S., Corr. Mem. Inst. Fr. (Acad. Sci.). High Pit/old,

Shottermill, Haslemere.

1886, Feb. 7. Williamson, W. C, LL.D., F.R.S., 43, Elms Road,

Clapham Common, London.

1886, Feb. 9. Young, Prof. C. A. Princeton College, N.J., U.S.

1888, April 17. Zirkel, Ferdinand, Professor of Mineralog)-. University of

Leitsic.
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i860, April 17. Ainsworth, Thomas. Clealor Mills, near Egreniont,

Whitehaven

1870, March 8. Cockle, The Hon. Sir James, M.A., F.R.S., F.R.A.S.,

F.C.P.S. 12, St. Stephen''s Road, Bayswater, London.

1S66, Jan. 23. De Caligny, Anatole, Marquis, Corres. Mem. Acadd, Sc.

Turin and Caen. Socc. Agr. Lyons, Sci. Cherbourg.

Liege, &c.

1861, April 2. Durand- Fardel, Max, M.D., Chev. of the Legion cf

Honour, &c. 36, Rue de Lille, Pat is.

1849, April 17. Girardin, J., Off. Legion of Honour, Corr. Mem. Instit.

France, Sec. Lille.

1850, April 30. Harley, Rev. Robert, M.A.. F.R.S., 4, Wellington.

Sqicare, Oxford.

18S2, Nov. 14, Harford, Rev. Brooke.

1859, Jan. 25. Le Jolis, Auguste-Fi-an9ois, Ph.D. Archiviste perpetuel

and late president of the Soc. Nat. Sc. Cherbourg, &c.

Cherbourg.

1857, Jan. 27. Lowe, Edward Joseph, F.R.S., F.R. A. S., F.G.S., Mem.
Brit. Met. Soc, &c. Shij-enew!on Hall, near Chepstow

1869, Feb. 5. Schonfield, Edward, Ph.D., Director of the Mannheim

Observatory.
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1873, Jan. 7. Allmann, Julius, 70, Deansgate.

1870, Dec. 13. Angell, John, F.C.S., F.I.C. 6, Beacons Field, Derby

Road, Falloitificld, Manchester.

1S61, Jan. 22. Anson, Rev. George Henry Greville, M.A., Birch Rectory

Rtisholme.

Armstrong, Thomas. Brookjield, Urmston ; Deansgate.

Ashton, Thomas. 36, Charlotte Street.

Ashton, Thomas Gair, M.A. 36, Charlotte St)-eet,

Ashworth, J. Jackson. 39, Sprijig Gardens, City.

Bailey, Charles, F. L.S. Ashjield, College Road, Whalley

Range, Manchester.

Bailey, G. H., D.Sc, Ph.D. The Owe/is College.

Bailey, Alderman W. H. Sumnierfield, Eccles New Road.

Bickham, Spencer II. Underdown, Ledlmry.

Bottomley, James, D.Sc, B.A., F.C.S., 220, Lower

Broughton Road.

Boyd, John, F.Z.S. Barton House, Didsbtiry Fark,

Didslmry.

Bradley, Nathaniel. Sunnyside, Whalley Range.

Brockbank, William, F.G.S., F.L.S., Chapel Walks.

Brogden, Henry, F.G.S., Hale Lodge, Altrinchain.

Brooks, Sir William Cunlifte, Bart., M.A., M.P., Ba7ik,

92, JCing Street.

Brooks, Herbert S. Slacfe Hotise, Levenshiilme.

Brothers, Alfred, F.R.A.S. 14, St. Ami's Square, Man-
chester.

Brown, Alfred , M. A. , M . D. Claraiiont, Higher Broughton,

Brown, F. E. Httline Grannnar School, Manchester.

Browne, Henry, M.A. (Glas.), M.R.C.S. (Lend.), M.D.

(Lond.). The Gables, Victoria Park.

Brownell, T. W. School Board Offices, Deansgate.

Budenberg, C. F., M.Sc. Bowdon Lane, Alarple, Cheshire.

Burghardt, Charles Anthony, Ph.D. 35, Fountain Street.

1854, April 18. Christie, Richard Copley, M.A., Chancellor of the Diocese,

Ribsden, Bagshot, Surrey.

1 84 1, April 30. Clay, Charles, M.D., Extr. L.R.C.P. (Lond.), M.R.C.S.

(Edin. ). Tower Lodge, Poulton-le-Fylde, Lane.

1884, Nov. 4. Corbett, Joseph. Town Hall, Salford.

1853, Jan. 25. Cottam, Samuel, F.R.A.S., F.R. Hist. S., F.C.A. 49,

Spring Gardens.

1893, Jan. 10. Chadwick, W. J. 2, St. Mary's Street, City.

1885, Nov.
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1859, Jan. 25. Coward, EJvvard. Heaton Mersey, near Manchester.

1876, April 18. Cunliffe, Robert Ellis. Halton Bank, Pendleton.

187 1, Nov. 8. Dale, Richard Samuel, B. A. i, Chester Terrace, Chester

Road.

1853, April 19. Darbishire, Robert Dukinfield, B.A., F.S.A., F.G.S. St.

James'' Square.

1878, Nov. 26. Davis, Joseph. Engineer's Offices, Lancashire and York-

shire Railway, Hunt's Bank.

1861, Dec. 10. Deane, William King. Almondhury Place, Chester Road.

1879, Mar. 18. Dent, Hastings Charles, F.L.S., F.R.G.S. 20, Thurloe

Square, London, S. W.

1878, Feb. 8. Dixon, Harold B., M.A., F.R.S., Professor of Chemistry.

The Owens College.

1892, April 26. Ewan, Thomas, B.Sc. The Oivens College.

1883, Oct. 2. Faraday, Frederick James, F.L.S.,F.S.S. Ramsay Lodge,

Slade Lane, Levenshulme.

1886, Feb. 9. Gee, W. W. Haldane, B.Sc. Technical School, Pri?icess

Street, Manchester.

188 1, Nov. I. Greg, Arthur. Eagley, near Bolton.

1874, Nov. 3. Grimshaw, Harry, F.C.S. Thornton Vieiu, Clayton.

1888, Feb. 7. Grimshaw, William. Stoneleigh, Sale.

1892, Nov. 15. Groves, W. G. The Larches, Alderley Edge.

1875, Feb. 9- Gvvyther, R. F., M. A., Fielden Lecturer in Mathematics.

The Owens College.

1889, Nov. 12. Hall, Charles John, Mus. Doc. Hawkesmoor, Southport.

1890, Feb. 18. Harker, Thomas. Brook House, Fallowfield.

1862, Nov. 4. Hart, Peter. Messrs Tennants &= Co, Mill Street,

Clayton N. Manchester.

1873, Dec. 16. Heelis, James, 71, Princess Street.

1890, Mar. 4. Henderson, H. A. Eastbourne House, Chorlton Road.

1890, Nov. 4. Heenan, R. H., M.I.C.E., M.I.M.E. Manor House,

Wilmslow Park, Wiltnslow.

1889, Jan. 8. Heywood, Charles J. Chaseley, Pendleton.

1891, Nov. 3. Halkyard, Edward. The Firs, Kmitsford.

1833. April 26. Heywood, James, F.R.S., F.G.S., F.S.A. 26, Kensington

Palace Gardens, London, IV.

1892, Nov. 29. Hicks, Rev. E. L., M.A., Canon of Manchester, Rector of

St. Phillip's, Salford. 21, Leaf Square, Pendleton.

1884, Jan. 8, Hodgkinson, Alexander, M.B., B.Sc. 18, St. John Street.

1873, Dec. 2. Howorth, Sir Henry H., D.C.L., F.R.S,, F.S.A., M.P.

Bentclijffe House, Eccles.

1889, Oct. 15. Hoyle, W. E., M. A., Keeper of the Manchester Museum.

25, Brunswick Road, IVithington.
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Date of Election.

i884, Jan. 8. Plurst, Charles Herbert. The Owens College, Manchester.

1870, Nov. I. Johnson, William H., B.Sc. id. Lever Street.

1878, Nov. 26. Jones, Francis, F.R.S.E., F.C.S. Grammar School.

1890, Jan. 7. Joseland, H. L., B.A. The Grammar School.

1891, Nov. 17. Joyce, Samuel, Electrical Engineer. Technical School,

Princess Street, City.

1886, Jan. 12. Kay, Thomas, J. P. Moorfiehi, Stockport.

1852, Jan. 27. Kennedy, John Lav^'son. 47, iMosley Street.

1891, Dec. I. King, John Edward, M.A., Higli Master. Manchester

Grammar School.

1890, Nov. 4. Langdon, Maurice Julius, Ph.D. Sunlniry, Victoria Park.

1863, Dec. 15. Leake, Robert. M. P. The Dales, Whitejield.

1 884, April 15. Leach, Daniel John, Professor, M.D. The Owens College.

1850, April 30. Leese Joseph. Messrs. S. ^ E. Leese, Fylde Road Mill,

Preston.

1857, Jan. 27. Longridge, Robert Bewick. Yew Tree House, Tabley,

Kniitsford.

1870, April 19. I>owe, Charles, F.C.S. Summerjield House, Reddish,

Stockport.

1866, Nov. 13. McDougall, Arthur, B.Sc. Falloivfield House, Fallowjield.

1859, Jan. 25. Maclure, John William, M. P., F.R.G.S. Whalley Range.

1875, Jan. 26. Mann, John Dixon, M.D., F.R.C.P., Lond. 16, St. John
Street.

1879, Dec. 2. Marshall, Arthur Milnes, M.A., M.D., D.Sc, F.R.S.,

Professor of Zoology, Owens College. The Owens
College.

1864, Nov. I. Mather, William, M.P. Iron I Forks, Salford.

1873, ^I^J'- 18. Melvill, James Cosmo, ALA. F.L.S., Kersal Cottage,

Prestwich.

1879, Dec. 30. Millar, John Bell, ]\LE., Lecturer in Engineering. The

Owens College.

1881, Oct. 18. Mond, Ludwig, F.C.S. IVinnington Hall, Northwich.

1873, J^I^""- 4- Nicholson, Francis, F.Z.S. iii, Portland Street.

1889, April 16. Norbury, George. Hillside, Prestwich Park, Prestwich

1862, Dec. 30. Ogden, Samuel. lo, Mosley Street West.

1884, April 15. Okell, Samuel, F.R. A.S. Overley, Langham Road, Bozudon.

1844, April 30. Ormerod, Henry Mere, F.G.S. 5, Clarence Street.

1892, Feb. 23. Pankhurst, R. M., LL.D. (Lond.), Barrister-at-Law. St.

James Si]!iare, Manchester.

1 86 1, April 30. Parlane, James. Rusholme.

1876, Nov. 28. Parry, Thomas, F.S.S. Grafton House, Ashton-under-Lynt.
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1892, Nov. 15. Perkin, W. PL, jun., I'h.D., F. R.S., Professor of Organic

Chemistry. The Owens College.

1885, Nov. 17. Phillips, Henry Harcourt, F.C.S. 183, Moss Lane East,

Manchester.

1854, .Jan. 24. Pochin, Henry Davis, F.C.S. Bodnant Hall, Conway.

1854, Feb. 7. Ramsbottom, John, M.Inst. C.E. Fernhill, Alderley Edge.

1859, April 16. Ransome, Arthur, M.A., .M. U., Cantab., F. R.S., iM.R.C.S.

I, Si. Peter''s Square.

1888, Feb. 21. Ree, Alfred, Ph.D., F.C.S. \, Brighton Grove, Rushobne.

1869, Nov. 16. Reynolds, Osborne, LL.D., M.A., F.R.S., M. Inst. C.E.,

Professor of Engineering, the Owens College. Ladybarn

Road, Fallowfield.

1884, April 3. Rhodes, James, F.R.C.S. Glossop.

1880, Mar. 23. Roberts, D. Lloyd, iM.D., ^.R.S.Ed., F.R.C.P. (London),

Ravenswood, Broitghton Park.

1864, Dec. 27. Robinson, John, M. lust. C.E. Westwood Hall, Leek.

1858, Jan. 26. Roscoe, Sir Henry EnHeld, B.A., LL.D., D.C.L., F.R.S.,

F.C.S., ALP. 10, Bra/nhai/i Gardens, IVetherhy Road,

London, S. W.

1890, Jan. 21. Sacre, Howard C. Breeze House, Higher Bronghton.

1851, April 29. Sandeman, Archibald, ALA. Garry Cottage, 7iear Perth.

1893, Mar. 21. Schill, C. H. 117, Portland Street, Manchester.

1842, Jan. 25. Schunck, Edward, Ph.D., F.R.S., F.C.S. Kersal.

1873, Nov. 18. Schuster, Arthur, i'h.D., F.R.S., F.R.A.S. The Owens
College.

1890, Jan. 21. Sidebottom, James Xasniyth. Parkjield, Gi-ohy Place,

Altrinchani.

1890, Nov. 4. Sidebotham, Edward, Earlsdene, Rowdon.

1886, April 6. Simon, Henry C. E. Danuin House, Didshury.

1892, Nov. 29. Swindells, Rupert, .\LLC.E. ]V'ilton Villa, The Firs,

Bozvdon.

1889, Oct. 15. Tatham, John F. W., M.D., M.A., Medical Officer of

Health. Tozvn Hall, Manchester.

1884, Mar. 1 8. Thompson, Alderman Joseph. Riversdale, VVilinsloiv.

1873, April 15. Thomson, William, F. R.S.E., F.C.S, F.LC. Royal
Institution.

1889, April 30. Thornber, Harry. Rookjleld Avenue, Sale.

i860, April 17. Trapp, Samuel Clement. 88, Mosley Street.

1879, Dec. 30. Ward, Thomas. Brookjield House, Northwich.

1873, Nov. 18. Waters, Arthur AYilliam, F.G.S. Villa Vccchia, Davos
Diirjii, Switzerland.

1859, Jan. 25. Wilde, Henry, F.R.S. The Hurst, Alderley Edge.

1S59, April 19. Wilkinson, Thomas Read. Manchester and Salford Bank,
Mosley Street.
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1889, Nov. 12. Willans, J. W. Woodlands Park, Altrincham.

1888, April 17. Williams, E. Leader, M. Inst. C. E. bp7-ino Gardens^

Manchester.

1889, April 16. Wilson, Thomas B. 37, Arcade Chambers, St. Marys Gate.

i860, April 17. Woolley, George Stephen. Victoria Bridoe, Salfora.

1863, Nov. 17. Worthington, Samuel Barton, M. Inst. C.E. Mill Bank,

Bowdon.

1865, Feb. 21. Worthington, Thomas, F.R.I. B. A. /^6, Brown Stj-eei.

1892, Nov. 15. Weiss, F. E., B.Sc. Professor of Botany, the Owens
College.

N.B.—Of the above list the following have compounded for their sub-

scriptions, and are therefore life members :

Brogden, Henry.

Johnson, William H., B.Sc.

Sandeman, Archibald, M.A.

Lowe, Charles, ?\C.S.

Bradley, N.
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